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FOREWARD

In September 1986, the Fuels Branch of the Aero Propulsion Laboratory at
Wright-Patterson Air Force Base, Ohio, commenced an investigation of the
potential for production of jet fuel from the liquid by-product streams
produced by the gasification of lignite at the Great Plains Gasification Plant
located in Beulah, North Dakota. Funding was provided to the Department of
Energy (DOE) Pittsburgh Energy Technology Center (PETC) to administer the
experimental portion of this effort. This report details the effort of the
University of North Dakota Energy and Mineral Research Center (UNDEMRC), who,
as a contractor to DOE (DOE Contract Number DE-AC22-87PC90016), modeled the
heteroatom removal of the 1iquids via hydrogenation technologies. DOE/PETC
was funded through Military Interdepartmental Purchase Request (MIPR) FY1455-
86-N0657. Mr. William E. Harrison, III, was the Air Force Program Manager,
Mr. Gary Steigel was the DOE/PETC Program Manager, and Mr. John Rindt was the
UNDEMRC Program Manager.

iv




TABLE OF CONTENTS

Section Page
EXECUTIVE SUMMARY ........... ceveanes cececctans cessesses cecenes 1
INTRODUCTION ...ccvvvecevnnaas teessessesesssssusessesnsses ceasae 1
PROJECT OBJECTIVES ....... ceetcsecses ceesae ceececscsssnes ceesee 2
SPECIFICATIONS OF AVIATION FUELS ....... cescssscstnes ceessecnea 2
FEEDSTOCK CHARACTERISTICS ...... cressssnnes Cecescccscscscsncnue 2
UPGRADING COAL LIQUIDS TO JET FUEL ........ Cecessscsccssessnnes 4
EXPERIMENTAL DESIGN ....cevevees cecesseas cecsesesssennes cecenes 4
MATERIALS, EQUIPMENT, AND EXPERIMENTAL PROCEDURES ....c.cveeene 9
RESULTS OF STATISTICAL MATRIX TESTING ..ccevveeececcncocacccnen 11

Total Heteroatom Content ............ Cecssesesesscssssaans 11
Nitrogen Content .......... cececsssssannen cecsceccsssen .. 11
Sulfur Content ...... Gesscscsccesssesetscscacsccnnns ceeses 13
Aliphatic Content and Aromatic-to-Aliphatic Ratio ........ 14
Analysis of VarianCe.....ceececeessccccccscnseass ceseseans 16
Verification of the Predictions of Conditions ......eccc.. 16
INTERPRETATION OF TIME SAMPLE DATA ..ciicenveccccannne teessecee 18
MASS BALANCE ...ivieeveeeccanans cececescsecssssess cecenas ceceee 21
SINGLE-STAGE PROCESSING +uicvveeeecovsooeacoecsscccccoscncacans 21
SECOND-STAGE PROCESSING .ovivecncsnecncsecasancsscsesnannaccans 24
CONCLUSIONS cvcveceecnns cevessne teveccsssssssesncas cecsesssscss 25
RECOMMENDATIONS ...ccvcvecnens cecesessssenseans tesesens cecseess 26
REFERENCES ....ovvvvennns ceesens cesesnanns teessesaaacs S {
LIST OF ABBREVIATIONS AND SYMBOLS ....... cestesseeans cesescaseas 27
APPENDIX A -- STATISTICAL EXPERIMENTAL DESIGN......... tesessees Al
APPENDIX B -- DATA TABLES......... Ceecccsesressasan cecsccsssens Bl




LIST OF ILLUSTRATIONS

Figure Title
1 Comparison of ASTM D86 distillation profiles of JP-4, JP-8,
and GPGP tar 011 Stream ..vececeesvceccoseccacsnncane vecascssae
2 Autoclave system used during tar oil upgrading .....ccecee.. cee
3 Effect of temperature on total heteroatom content over the
entire pressure range tested ....cceceeccccccccccencccncnns ceeo
4 Effect of temperature on nitrogen content over the entire
pressure range tested ....cccecevcvscsccccccsncosassosssnssnsen
5 Detail of the best nitrogen removal conditions ........ccceeens
6 Effect of a change in pressure on sulfur content ..............
7 Effect of temperature on aliphatic content over the entire
range of pressures tested .........c.... vescescsrsans cessscvens
8 Effect of temperature on the ratio of aromatic content to
aliphatic content over the entire pressure range tested .......
9 Nitrogen content as a function of time during first-stage
pProcessing c.ceeeceeaces Cecsscesccccnscnnas tectcscccraacens cees
10 Sulfur content as a function of time during first-stage
proceSSing 8 9 04 500000000000 sPOes0ee i S 000000000000 ® 0 0000000000
11 Hydrogen-to-carbon ratio as a function of time during

first-stage pl"OCESS"ng ooooooooooooooooooo CICICRE SO B NI I 600 ecssece

vi

12

12
13
14

15

15

19

20




Table

10
11
12
13

LIST OF TABLES

Title

Properties of JP-4, JP-8, and JP-8X aviation turbine fuels ....

Results of the elemental analyses of the GPGP liquid
by-pYOdUCt Streams IR RN FEREERERE NI I I LI I aeeevossesscce .

Proton and carbon-13 NMR data for GPGP liquid streams .........

Results of ASTM D86 distillations performed on GPGP 1iquid
streams and AV Jet A .. .i.eireeccctncnccnccesccoscsacsscnsacnsns

Matrix for studying effects of temperature and pressure in
first-stage processing to remove heteroatoms ......cccceee cesee

Run conditions for first-stage testing ....ceeveceencececceanns

Samples sent to Western Research Institute for
nitrogen analysis ..eeeeeencecees tesescccssnccsesscscecsasocnes

Predicted "optimal" first-stage processing conditicns for
GPGP tar 0i1S civiececcencee Gsesessccsacsscsessrsenscasscssennen

Comparison of feedstock with predicted and actual results of
Verification ruUns ..cicieeeeceeecncceccsoscecssscrscaccecsoscnnns

Results of gas analysis of Run N-414 ......... tecsscsscnane cees
Liquid recoveries during heteroatom removal.............. ceeene
Results of single-stage processing ..cecevecececncans seesscense

Results of second-stage proCesSSiNg ..oeeeeeescccccscacacocncans

vii

10

17

18
22
23
23
24




EXECUTIVE SUMMARY

In an efrort to assure adequate supplies of aviation turbine fuels in the
event of a petroleum shortage, the U.S. Air Force has investigated the use of
coal-derived liquids to produce synthetic aviation fuel. This report
details the results of research performed at the University of North Dakota
Energy and Mineral Research Center on liquid by-product streams from the Great
Plains Gasification Plant (GPGP) in Beulah, North Dakota. The primary
research objective was to assess the technical and economic feasibility of
producing aviation turbine fuels from coal liquids streams. A secondary
objective was to assess the possibility of converting the by-product streams
into a new, higher-density aviation fuel. To accomplish these objectives, the
by-product streams were characterized to determine which streams, if any, were
suitable for upgrading; the tar o0il stream was found to be suitable. A two-
stage upgrading method was chosen; heteroatoms were removed in the first, more
severe, stage and hydrogenation took place in the second stage. Processing
was performed in a one-gallon, hot-charge autoclave system. A statistical
experimental design was used to efficiently determine the "optimum" conditions
necessary for heteroatom removal during the first-stage processing.
Verification runs performed at the indicated optimum conditions resulted in
virtually complete removal of heteroatoms. The total mass balance on liquid
product corrobnrated the analytical workups. Second-stage processing of the
first-stage product did not result in the necessary increase in aliphatic
content. The fact that the aliphatic content did not increase is probably a
result of choice of catalyst and/or the conditions under which the second-
stage processing was performed. The results of this research indicate that
catalyst choice may greatly influence the product obtained. The first-stage
products which were obtained appear to be excellent candidates for high-
density fuels due to their high aromaticity; however, the second-stage
catalysts which were used were not effective in converting aromatics to cyclic
aliphatics to produce a product with the required low aromatic content.

INTRODUCTION

Domestic production currently supplies only approximately 60 percent of
the United States' petroleum requirements, and future oil supplies, both
domestic and foreign, will continue to be unreliable. Synthetic liquid fuels
are therefore an essential part of an energy scenario which provides the
United States with a means to reduce its reliance on imported oil. The
Department of Defense is the largest single consumer of 1iquid fuels in the
United States, with the U.S. Air Force using approximately 240,000 barrels of
Grade JP-4 turbine fuel daily for aircraft operations. A naphtha-based fuel,
JP-4 is used primarily in the U.S., while a kerosene-type fuel, JP-8, is used
abroad. Because of the need to assure adequate supplies of both JP-4 and JP-8
fuels at acceptable costs, the Air Force has investigated the characteristics,
cost, and yield of these fuels when produced from tar sands, shale oil, and
heavy oils, and is seeking similar data for coal-derived liquids.

One producer of coal-derived liquids is the Great Plains Gasification
Plant (GPGP) in Beulah, North Dakota. The plant currently produces over 150
million cubic feet per day of high-Btu synthetic natural gas (SNG) from North
Dakota lignite. In addition, GPGP generates three liquid streams (rectisol
naphtha, crude phenol, and tar oil) which are candidates for upgrading .o jet
fuel,




PROJECT OBJECTIVES

The primary objective of this project was to assess the technical and
economic feasibility of producing aviation turbine fuels from the GPGP by-
product streams. A secondary project objective was to assess the possibility
of converting the by-product streams into a new, higher-density aviation fuel.

SPECIFICATIONS OF AVIATION FUELS

Aviation turbine fuels have a specific gravity of approximately 0.7-0.8,
a minimum hydrogen content of approx1mate1y 13 0 weight percent, a maximum
boiling temperature of approximately 320°-330°C, and a maximum aromatic
content of 25 volume percent. The properties of the JP-4 and JP-8 aviation
turbine fuels used by the U.S. Air Force are listed in Table 1. The table
also compares the properties of these fuels to the preliminary specifications
for the higher-density near-term JP-8X.

FEEDSTOCK CHARACTERISTICS

As mentioned previously, three liquid streams (rectisol naphtha, crude
phenol, and tar oil) are produced at the GPGP as a result of coal
gasification. Complete characterizations of the three streams were performed
and reported by Knudson (1) and Rossi (2). An overview of the characteristics
of these streams is presented here.

The rectisol naphtha stream contains primarily benzene and toluene, the
crude phenol stream contains primarily phenols and cresols, and the tar o0il
stream is comprised mainly of methylated one- and two-ring aromatics. Table 2
presents the results of elemental analyses and, Table 3 presents the results
of NMR analyses of the three streams.

The tar oil stream is the only stream with enough material in the correct
boiling range to warrant consideration for upgrading to jet fuel. The
rectisol naphtha stream is very volatile, and only a small portion of it is in
the volatility range of a jet fuel. The distillation distribution of the
crude phenol stream overlaps that of aviation fuel; however, due to its
composition (primarily phenol and the cresols), it would produce cyclohexane
and methylcyclohexane during hydrogenation and would therefore consume a large
quantity of hydrogen. The results of ASTM D86 distillations performed on the
three coal liquid streams and an aviation fuel, AV Jet A, are presented in
Table 4. As the table shows, the tar oil stream contains sizable fractions in
the aviation fuel distillation region. The ASTM D86 distillation profile of
the tar o0il stream is compared to the profiles of JP-4 and JP-8 in
Figure 1.

As recovered, the tar oil stream is somewhat variable, depending on coal
properties, gasifier operation, gas quenching, and product storage (3,4). It
is fairly typical of the products of low-rank coal pyrolysis or carbonization
in that it is largely hydrogen-deficient and oxygen-rich in comparison to
either direct liquefaction or petroleum products (5,6,7). This tar oil stream
contains significant hydroxyl functionality, aiding its retention of 1-4
weight percent water. It can also contain several weight percent coal and
char fines, which are dependent upon gasifier operation and, to a lesser
extent, upon coal quality (4).




TABLE 1
PROPERTIES OF JP-4, JP-8, AND JP-8X AVIATION TURBINE FUELS

Near Term
Property Jp-43 Jp-gd JP-8X
Specific Gravity @ 0.710 - 0.802 0.788 - 0.845 0.850 min
159C/15°¢C
Hydrogen, 13.6 13.5 13.0
min wt ¥
Boiling Range, °C Report - 320 Report - 330 Report - 330
(ASTM D-2887)
Ho, Net Btu/gal x 10-3 --b 120.9 min 130 min
Freezing Point, °C -56 -50 -47
max
Aromatics, 25.0 25.0 25.0
max vol %
Parafffins, -—-- - -
vol %

3 Specification properties from "Handbook of Aviation Fuel Properties," CRC Report
No. 350, Coordinating Research Council, Inc., Atlanta, GA, 1983.

b Not specified.

The results of the D86 distillation illustrate another problem associated with
upgrading the tar o0il: the bottoms are unstable at moderate temperatures.
Distillation bottoms content can range from under 4 weight percent to over 20 weight
percent, depending on the heating rates. This drawback can be easily corrected
using any one of a number of mild hydrotreating processes that are commercially
proven (8).

The high heteroatom (oxygen, sulfur, and nitrogen) content of the tar oil
stream will require well over a thousand scf of hydrogen to remove. The data also
show that distillation by itself will not produce clear-cut fractions between high
and low oxygen functionality. However, effective fractionation using solvent
extraction processes such as the Pitt-Consol or Phenoraffin has been demonstrated
commercially with similar streams (8). Thus it appears that removal of the phenols
from the tar o1l stream by solvent extraction would be the preferred processing
option. The phenols could be included with the crude phenol stream for sale as




TABLE 2

RESULTS OF THE ELEMENTAL ANALYSIS
OF THE GPGP LIQUID BY-PRODUCTS STREAMS?

Crude Rectisol
Element Tar 0i1 Phenol Naphtha
Carbon 83.76 72.18 87.65
Hydrogen 8.83 7.49 10.12
Nitrogen 0.52 0.28 0.00
Sulfur 0.39 0.04 0.00
KF-water? 1.20 4.48
THFIC 0.11 0.00

@ Given in weight percent as-received sample.
b Water determined by Karl Fisher titration.
C Tetrahydrofuran insolubles (0.5 micron filter).

phenols or cresylic acids. The remaining two-thirds of the tar oil stream
could be hydrotreated to produce jet fuel.

UPGRADING COAL LIQUIDS TO JET FUEL

To produce specification-grade jet fuel from coal-derived liquids, the
concentration of oxygen, sulfur, and nitrogen in the feedstock must be reduced
to virtually nil, and most of the aromatic rings must be saturated. If
saturation can be accomplished without destroying the ring structures, the
most economical use of hydrogen is assured.

Upgrading of the coal-derived liquids may be accomplished in a high-
severity single stage or in multiple stages (9,10). Product composition can
be controlled to a large degree by reaction severity; i.e., temperature,
pressure, space velocity, or catalyst composition. The single- or first-stage
hydrotreating is designed to remove the heteroatoms from the feedstock.
Typical operating conditions include a temperature of approximately 370°C, a 1
pressure of about 2000 psig, and liquid hourly space velocities below 1.0 hr~
over a commercial Ni Mo catalyst (10,11). Hydrogenation generally takes place
during the second stage. This processing requires less severity than either
the first-stage or single-stage processing and it may use noble metal
catalysts. The high oxygen concentration in the GPGP feedstocks will require
a high hydrogen feed ratio during this step (11).

EXPERIMENTAL DESIGN

Determination of "optimum" processing conditions via a one-at-a-time
testing method is costly, both in terms of time and project dollars. To gain
the maximum amount of information in the most efficient manner, testing was




TABLE 3
PROTON AND CARBON-13 NMR DATA FOR GPGP LIQUID STREAMS

Crude Rectisol
Carbon NMR Region, Tar 0i1 Phenol Naphtha
Type ppm Area % Area % Area %
PROTON NMR
Aromatic 9.0 - 5.9 28.3 50.2 38.9
Phenol 4.4 - 3.5 2.4 16.9 0.4
Acenaphthene 3.5 - 3.3 0.5 2.1 1.9
-CH,-alpha 3.3 - 1.9 28.4 23.5 22.2
-CH,-beta 1.9 - 1.5 5.3 1.3 10.5
-CH,- 1.5 - 1.0 23.4 4.8 13.9
-CH, 1.0 - 0.1 11.7 1.2 12.2
Total Area % 100.0 100.0 100.0
-CHy-/-CH, 2.0 4.0 1.1
CARBON-13 NMR
Aliphatic, C= 240 - 187 1.0 2.0
Aromatic, C=0 187 - 160 0.1 1.1
Phenolic 160 - 149 10.2 0.0
Aromatic, =C= 149 - 138 8.3 2.7
Aromatic, =C- 138 - 95 65.8 66.7
Methoxy1l 95 - 60 0.2 1.1
Aliph.,-CH,- 50 -~ 36 1.4 4.3
C 36 - 27 2.3 9.7
alpha C 27 -~ 17 5.2 8.0
-CH, 17 - 0 5.5 4.4

Total Area %

fo—
(o=}
o
.

O
[u—
o
o
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performed using a statistical experimental design to enable prediction of the
conditions at which heteroatom removal during first-stage processing would be
virtually complete. The choice of a particular statistical experimental
design is made based upon whether or not the results of the testing are
expected to be linear in nature. It was not expected that the heteroatom
content of the project of the first stage would be a linear function of the
temperature and pressure of the process. For this reason, a central composite
design for two factors was used to collect the experimental data. This design
allowed the fitting of a general quadratic equation for smoothing and
prediction of the data. This class of design allows the experimenter to build
upon a two-level factorial design and adds a set of axial points. These axial

points, along with a center point, allow the estimation of all pure quadratic
terms.




TABLE 4

RESULTS OF ASTM D86 DISTILLATIONS PERFORMED ON GPGP
LIQUID STREAMS AND AV JET A

Crude Rectisol
Tar 011 Phenol Naphtha AV Jet A
Bar. Press émm Hg) 756 742 731 742
Rm. Temp. (“C) 23 23 24 23
Vol % Distilled
IBP 93 97 43 82
5% 135 98 63 173
10% 170 185 69 183
20% 195 190 76 197
30% 210 193 79 205
40% 225 193 83 213
50% 250 196 86 220
60% 263 201 89 228
70% 285 210 94 235
80% 297 229 102 245
90% 303 263 119 260
95% 132 268
Max. Temp. (°C) 303 265 132 274
Max. Vol % 92 95 96 98
Residue (wt %) 9.66 5.75 2.80 2.20
Recovery (wt %) 87.68 92.45 96.35 96.21
Lost (wt %) 2.66 1.80 0.85 1.59
Specific Gravity 1.02 1.06 0.82 0.82

Table 5 shows the matrix which was designed for use in the first-stage
data collection. For these experiments, Shell 424 was used as the catalyst,
and the ranges of temperature and pressure that were evaluated were 3280-3879C
and 1500-2500 psig, respectively. The matrix was randomized to ensure that
all results were independent. Actual run conditions of the tests as they were
performed are listed in Table 6.

After the engineering and analytical data were collected, the responses
were analyzed via computer regression analysis. The full model was fit, and a
check was made for outlying data points. Following this, a check was made for
lack of fit of the quadratic equation and unnecessary terms were eliminated,
resulting in a mathematical model.
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Figure 1. Comparison of ASTM D86 distillation profiles of JP-4,

JP-8, and GPGP tar oil stream.




TABLE §

MATRIX FOR STUDYING EFFECTS OF TEMPERATURE AND PRESSURE
IN FIRST-STAGE PROCESSING TO REMOVE HETERQOATOMS

Temperature Pressure

Run (°C) (psig)

1 387 2500

2 387 1500

3 328 2500

4 328 1500

5 357 2710

6 357 1300

7 400 2000

8 316 2000

9 357 2000

10 357 2000

TABLE 6
RUN CONDITIONS FOR FIRST-STAGE TESTING
Temperature Pressure
Run Date Catalyst (°c) (psig)
First-Stage Tests
N-408 8/05/87 Shell 424 374 2675
N-409 8/11/87 Shell 424 385 1435
N-410 8/13/87 Shell 424 394 2235
N-413 8/28/87 Shell 424 357 1300
N-414 9/01/87 Shell 424 387 2500
N-415 9/02/87 Shell 424 357 2000
N-416 9/03/87 Shell 424 329 1491
N-417 9/04/87 Shell 424 358 2012
N-47Y  9/18/87 Shell 424 367 1500
N-42. 9/22/87 Shell 424 345 1975
N-432 6/02/88 Shell 424 395 2384
N-433  6/09/88 Shell 424 380 2250
Single-Stage Tests
N-418 9/09/87 NT550 354 2000
N-419 9/11/87 NT550 390 1997
N-420 9/15/87 Katalco 660 394 2023
8




MATERIALS, EQUIPMENT, AND EXPERIMENTAL PROCEDURES

First-stage testing took place in the Energy and Mineral Research Center
(EMRC) one-gallon, hot-charge, semi-batch autoclave system shown in
Figure 2. Gas flowed through the system at the equivalent rate of 6500
scf/bbl. Three catalysts were used during these tests: Shell 424, NT550
(nickel-tungsten on an alumina support), and Katalco 660 (nickel-tungsten on
an experimental silicon dioxide support). One hundred grams of catalyst and
1 kg of tar oil were used for each test. The catalyst was pre-sulfided at
reaction temperature and was batch-charged fresh each run. In the autoclave,
the catalyst exhibited high-contact, free-floating behavior. The tar oil-to-
cataiyst ratio of 5.3 g/g was maintained for each run in an effort to have
enough feedstock relative to catalyst such that the catalyst would be seen as
if it were in an ebulating bed reactor.

The tests were one hour in duration at reaction temperature, followed by
a cooldown to 200°C. To prevent undesirable condensation reactions, the system
was held stable at this temperature for 20 minutes, and then was allowed to
cool to room temperature. Periodic liquid samples were taken during the run
from the bottom of the autoclave, while gas samples were collected in a
diaphragm accumulator. Hydrogen flowed through the system continuously during
the test.

For each test, a suite of time samples was created by taking a sample
every three minutes. Time samples were also taken at the beginning and the
end of the 200°C stabilization period. Bulk liquid samples were taken of the
feedstock and the endpot, the liquid and solid materials remaining in the
reactor at the end of the run after cooldown to room temperature. In
addition, two bulk gas samples were obtained for GC analysis. This type of
sampling procedure was used because it provided samples often enough to follow
changes in both chemical composition and heteroatom concentration, and, when
appropriate, to develop kinetic information on the rates of the reactions
taking place.

Analyses which were performed on the liquid time samples included percent
aromatics and C, H, N, and S elemental analyses. These analyses were
performed on samples taken at 3, 6, 9, 18, 27, and 36 minutes during the run
and at both the beg1nn1ng and the end of the stab111zat1on period following
cooldown to 200°C. The endpot samples received more scrutiny, undergoing C,

H, N, and S elemental analyses, distillation analysis, GC/MS, and other
detai]ed analyses when appropriate. Samples which are listed in Table 7 were
sent to Western Research Institute for detailed nitrogen analysis because the
analytical equipment available at the EMRC was not sensitive enough to detect
the very Tow nitrogen contents which were expected.

The purpose of the first stage in this type of processing is to remove
the heteroatoms from the feedstock prior to hydrogenation. The conditions at
which heteroatom removal should most effectively occur were determined using
the results of the tests performed as a part of the statistical matrix.
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TABLE 7

! GAS METER
’
-60°C
COLD TRAP SAMPLE BAG

Autoclave system used during tar oil upgrading.

SAMPLES SENT TO WESTERN RESEARCH INSTITUTE FOR NITROGEN ANALYSIS

Run Time Sample Number
N-408 1,4,7,10,13,16,19,22,endpot
N-409 1,4,7,10,13,16,19,22,endpot
N-410 endpot
N-413 endpot
N-414 1,4,7,10,13,16,19,22,endpot
N-415 1,4,7,10,13,16,19,22,endpot
N-416 1,4,7,10,13,16,19,22,endpot
N-417 endpot
N-418 endpot
N-419 endpot
N-420 endpot
N-421 endpot
Feed
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RESULTS OF STATISTICAL MATRIX TESTING

To arrive at the mathematical models listed in the following subsections,
the computer first estimated the parameters. The computer then performeg a
regression analysis using all of the possible terms: intercept, x, y, x<, y .
and xy. The computer determined which terms had Prob > F values which were
not significant; j.e., had large values. In a backward elimination procedure,
the computer dropped the variable which produced the least significant term.
The procedure was repeated over and over with the computer dropping terms
until all of the remaining terms had significant Prob > F values. The
parameters which were estimated when the computer determined that all terms
were significant are the coefficients used the final model equation.

Total Heteroatom Content

The results indicate that the heteroatom content of the product is a
Tinear function of the temperature and pressure of the first-stage reaction.
This function is defined by Equation (1).

HC = 3.43 - 2.04 * X{ - 0.67 * X, (1)

where X, (T - 360)/30, X = (P - 2000) /500, and temperature and pressure are
expressed in 9C and psig, respect1ve1y Equation (1) shows that a 10°C change
in temperature produces a change in heteroatom content that is equivalent to
the change produced by a 500 psig change in pressure. The equation was
plotted as a function of temperature over the entire range of pressures
included in the statistical matrix. This plot is shown in

Figure 3. As the plot clearly shows a total heteroatom content of zero
occurs only at a temperature of 400° C at pressures of 2650 psig or greater.

Nitrogen Content

Nitrogen content was determined by the statistical analysis to be a
nonlinear function of temperature and pressure defined by Equation (2).

= 0.000104 + (0.Q00041 X¢) - (0.090661 X2) - (0.000722 XIXZ)
+ (0.000655 X1 ) + (0. 600602 Xy ) (2)
where X; and X, are the same variables as were defined for Equation (1). This
equat1on was pqotted as a function of temperature over the entire range of
pressures included in the statistical matrix, and the plot is presented in
Figure 4. It is difficult to determine optimal conditions for nitrogen
remcval from this plot; therefore, the portion of the plot which indicates
that nitrogen contents approaching zero are possible was enlarged, and is
shown as Figure 5. This p1ot clearly shows that any of the temperatures which
were tested could result in a nitrogen content approaching zero if the proper
pressure 1s se1ected Generally, though, the optimal conditions appear to be
between 360° and 380°C and 2275 and 2425 psi.
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Figure 5. Detail of the best nitrogen removal conditions.

Sulfur Content

The results of the statistical analysis indicated that sulfur content is
temperature independent, following the nonlinear function given in
Equation (3).

S = 0.000159 - 0.000150 X, + 0.000427 X22 (3)

where X, is defined as for Equation (1). Equation (3) was plotted over the
entire pressure range; the result is shown in Figure 6. As the plot shows,
the lowest sulfur content, 0.015 percent, can be expected to occur at a
processing pressure of 2050 psi. Even at the best conditions for nitrogen
removal (i.e., approximately 2300 psi), the sulfur content would be expected
to be approximately 0.025 percent.
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Figure 6. Effect of a change in pressure on sulfur content.

Aliphatic Content and Aromatic-to-Aliphatic Ratio

Equations describing the relationship of temperature and pressure with
aliphatic content and aromatic-to-aliphatic ratio were also determined using
the analysis of variance. The aliphatic content (ALI CON) of the first-stage
product was found to be a linear function of temperature and pressure defined
by Equation (4).

ALI CON = 48.492 + 3.871 X; + 2.409 X, (4)

where X; and X, are defined as for Equation (1). The aromatic-to-aliphatic
ratio (ARO:ALI was defined as a linear function of temperature and pressure
by Equation (5).

ARQ:ALI = 1.082 - 0.176 X; - 0.099 X, (5)

where X, and X, are again defined as for Equation 1. Equations (4) and (5)
were plotted over the ranges of temperature and pressure which were used in
the testing, resulting in Figures 7 and 8, respectively. From Figure 8, it
can be seen that the highest aliphatic content of the first-stage product is
approximately 57 percent, occurring at 400°C and 2800 psi. These are, of
course, the conditions at which the aromatic-to-aliphatic ratio is the lowest,
as shown in Figure 8.
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Analysis of Variance

The complete results of the analysis of variance are presented as
Appendix A, while the conditions and resuits of analyses of all runs
performed as a part of the matrix or as verification runs are tabulated in
Appendix B. Two criteria of the analysis of variance were used to show that
the mathematical models which were derived are statistically valid. The first
is the R-square value, which represents the degree of fit of the equation to
the data. Generally, R-square values of 0.90 and greater are considered to
represent a "good" fit to the data. As the tables in Appendix A show, the R-
square values were 0.920, 0.999, 0.740, 0.908, and 0.899 for the heteroatom
content, nitrogen content, sulfur content, aliphatic content, and aromatic-to-
aliphatic ratio, respectively. Therefore, based upon the degree of fit, it
would seem that "good" fits were obtained by all models with the exception of
the sulfur content model.

The second criterion is the measure of the interdependency of the
variables in the resulting equation. This was calculated for the total
hetercatom content equation and can be found in the Correlation of Estimates
appearing at the end of the section of Appendix A dealing with this
variable. The correlation matrix presents data which show the relationship
between variables; i.e., the changes in a variable caused by a change in
another variable. Obvicusly, it is desirable to have independent variables,
and a model is generally considered to be a good one if the abosolute values
of the cor—elation coefficients are less than about 0.6. Given this
criterion, it can be seen that the model which was calculated for heteroatom
content is probably fairly accurate.

Verification of the Predictions of Conditions

The mathematical models were used to predict "optimal" first-stage
processing conditions; these conditions are summarized in Table 8. As
the table shows, the higher temperatures of 380°-400°C are predicted to
be the most successful at removing heteroatoms and increasing aliphatic
content. The higher pressures of 2650-2800 psig are predicted to be the most
effective in removing oxygen and increasing the aliphatic content.
Intermediate pressures (relative to the matrix) are predicted to be the most
successful at nitrogen removal, while lower pressures are predicted to
result in the lowest sulfur content. Runs were made at fairly high
temperatures of 380°-400°C and intermediate pressures to verify the
results of the mathematical modeling and to produce feedstock for
second-stage hydrotreating tests.

Two verification runs were performed: N-432 and N-433. Run N-432
was run at an average temperature of 395°C and an average pressure of
2384 psig, while N-433 was performed at 380°C and 2250 psig. Using the
mathematical models, predictions were made with respect to nitrogen,
sulfur, total heteroatom, and aliphatic contents and aromatic-to-
aliphatic ratios of the products. These predictions are compared in Table 9
with the actual results of the analyses performed on the products. When
comparing the predicted and actual results, the sensitivity of the analytical
equipment must be taken into account. Whereas the mathematical models can
predict very small values, the analytical equipment has a detectability limit
of 0.01 weight percent.
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TABLE 8

PREDICTED "OPTIMAL" FIRST-STAGE PROCESSING CONDITIONS
FOR GPGP TAR OILS

Temperature Pressure
Parameter (°c) (psig)
Total Heteroatom Content 400 2650
Nitrogen Content 360 - 380 2272 - 2425
Sulfur Content --- 2050
Aliphatic Content 400 2800
Aromatic:Aliphatic 400 2800

The models indicate that Run N-432 was performed at an "optimal"
pressure for nitrogen removal and fairly ciose to the pressures required
for increased aliphatic content and total heteroatom removal. It must
be kept in mind that the "optimal" pressures are different for each of
the parameters, and that an intermediate pressure such as 2400 psig will
probably produce the best overall results. The temperature at which the
run was performed was too high for predicted complete nitrogen removal,
but was very close to the "optimum" temperature for the other parameters.
Therefore, it would be expected that the product of N-432 would contain
small quantities of nitrogen and sulfur, but that total heteroatom
content would be Tow and aliphatic content would be relatively high.

As the results listed in Table 9 show, this was the case except that
the product sulfur content was less than the sensitivity of the
analytical equipment (i.e., 0.0l weight percent).

Run N-433 was performed at the "optimal" temperature of 380°C, but a
slightly low pressure for nitrogen and oxygen removal or increased aliphatic
content. However, it would seem that there would be virtually complete
heteroatom removal in the product of this run and that the aliphatic content
would be fairly high. Analysis of the product of this run proved this to be
the case, as total heteroatom content was reduced to less than 0.01 weight
percent.

To show that conditions which were outside of the predicted ranges would
not result in products of desired composition, the product of Run N-423 was
examined with respect to the predicted "optimal" conditions. This run was
performed at 345°C and 1975 psig, both of which are too low for complete
heteroatom removal and relatively high aliphatic content. The pressure of the
run was, however, fairly close to the "optimum" pressure predicted for the
lowest product sulfur content. The results of the analyses performed on the
product show that, although the sulfur content was predictably low, the
nitr?gen and oxygen contents were unacceptably high and the aliphatic content
was low.
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TABLE 9
COMPARISON OF FEEDSTOCK WITH PREDICTED AND ACTUAL RESULTS OF VERIFICATION RUNS

Parameter Feed N-423 N-432 N-433
Avg. Temp. (°C) NA3 345 395 380
Avg. Pressure (psig) NA 1975 2384 2250

Total Heteroatom Content
(O + N+ S, wt %)

Predicted NA 4,48 0.54 1574

Actual 7.41 5.98 1.22 -
Nitrogen Content (wt %)

Predicted NA 0.026 0.024 0.000

Actual 0.52 0.23 0.06 -
Sulfur Content (wt %)

Predicted NA 0.017 0.030 0.019

Actual 0.39 0.08 -- --
Aliphatic Content (wt %)

Predicted NA 46.44 54.86 52.28

Actual 31.9 45.4 NDC ND
Aromatic-to-Aliphatic Ratio

Predicted NA 1.17 0.80 0.92

Actual 2.13 1.20 ND ND

4 Not applicable.

b Actual values of these species are below the detectability limit of the
measurement equipment.

C Not determined.

The mathematical models were successful in predicting conditions which
would be the most likely to produce the desired prciuct composition, as
Run N-433 had a total heteroatom content which was below the detectability
1imits of the analytical equipment. The models also successfully predicted
that the conditions of Run N-423 would not result in a desired product
composition. The purpose of the models was not to predict exact product
composition, but to identify the most appropriate conditions at which to
operate the processing equipment. In this regard, the models are considered
to have been successful.

INTERPRETATION OF TIME SAMPLE DATA
Time samples were taken during most runs, and the data were analyzed to
provide an understanding of the reactions which took place as a function of

time. Nitrogen is removed more rapidly during the higher-pressure runs than
during the Tower-pressure runs. The comparison of nitrogen content as a
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function of time at two temperatures and two pressures is shown in Figure 9.
A significant difference can be seen between the two pressures illustrated in
this figure, but both show the strong pressure dependence of HDN reactions.

Figure 10 shows that sulfur was removed rapidly during the runs,
especially at higher pressures. The figure shows very little difference
between runs with respect to sulfur removal with time with the exception of
Run N-416 which was performed at the low pressure of 1491 psig. The pressure
of this run was not sufficient to remove the sulfur from the feedstock.

The effect of pressure on the hydrogen-to-carbon ratio is shown in
Figure 11. As the figure shows, the hydrogen-to-carbon ratio increased the
most rapidly and to a higher value when a higher pressure was used.
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Figure 9. Nitrogen content as a function of time during
first-stage processing.
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MASS BALANCE

During hydrogenation, heteroatoms are usually removed in the gaseous
phase in the form of H,0, NH3, and H,S. ODue to the volume of hydrogen
contained in the gas pnhase, other species were present in such small
quantities that they were virtually below the detectability limits of the gas
chromatograph. It was possible to ascertain the presence of these species,
but their fate could not be determined in a more precise manner. To
illustrate this, the gas analysis for Run N-414 is given in Table 10. This
analysis is typical of the gas analyses which were performed during this
processing. As the table shows, the product gas contained 98.2 weight percent
hydrogen and very small quantities of other components. The error of these
normalized results is larger than any of the differences that are noted, and
valid judgements concerning the gas analysis cannot be made. Because good
mass balances were obtained for all streams with the exception of the gas
stream, it was decided to look at the liquid stream balance for information
which might corroborate the heteroatom removals detected during the analytical
workups.

A 1iquid balance should reflect the removal of heteroatoms from the
liquid phase to a 1imit of those present in the feedstock. In other words, if
all heteroatoms were removed from the feedstock, the mass of the liquid
product would equal the mass of the carbon and hydrogen which were originally
present in the feedstock. This assumption appears to be a valid one based
upon the data. Table 11 presents heterocatom removal and liquid recovery data
from three runs and compares this information with the 1iquid recovery which
would be expected for complete heteroatom removal. As the table shows, liquid
recovery decreased as the degree of heteroatom removal increased. Therefore,
the liquid balance data corroborate the analytical information with respect to
hetercatom removal.

SINGLE-STAGE PROCESSING

Three runs, N-418, N-419, and N-420, were performed using two other
catalysts: NT550 and Katalco 660. These were nickel-tungsten catalysts on an
alumina support and an experimental silicon dioxide support, respectively. It
was suggested by the manufacturers of these catalysts that they might perform
the equivalent functions of the two-stage processing in a single stage. An
effort was made to compare the ability of these catalysts to remove
heteroatoms and increase aliphatic content with that of the Shell 424
catalyst. It was not possible to directly compare results because Runs N-419
and N-420 were not made at conditions at which Shell 424 runs had been
performed. Therefore, the Shell 424-based mathematical models were used to
calculate the expected product compositions for runs made at those conditions
using Shell 424 catalyst. Because Run N-418 was performed at the same
conditions as Run N415, a Shell 424 run, the actual results of Run N-415 were
compared with the predicted results. This comparison is shown in Table 12.

As the table shows, the predicted results for the conditions of Run N-418 and
the actual results of Run N-415 were similar. It was therefore assumed that
the predictions at the N-419 and N-420 conditions would also be similar to
results which would have been obtained using Shell 424 catalyst. With this in
mind, relative differences were determined between Shell 424, NT550, and
Katalco 660. As the table shows, NT550 behaved in a manner similar to that of
Shell 424. Katalco 660 was different, as the product had a higher oxygen
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TABLE 10
RESULTS OF GAS ANALYSIS OF RUN N-414

Component Normalized Wt¥%
Hy 98.20
Co, 0.06
C3Hg 0.19
C3Heg 0.00
i-C4 0.02
cos 0.00
n-C4 0.15
H,S 0.10
1-Butene 0.00
t-2-Butene 0.00
i-C5 0.04
C-2-Butene 0.00
n-C5 0.11
CoHy 0.00
CoHg 0.30
CHy 0.81
co 0.00
Total 100.00

content and a significantly lower aliphatic content than would be predicted

for a Shell 424-catalyzed product at the same conditions. Runs N-419 and

N-420 were run at nominally the same conditions (see Table 6). The results

indicate that NT550 was more successful in lowering the total heteroatom

content and in increasing the aliphatic content than Katalco 660. '
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TABLE 11
LIQUID RECOVERIES DURING HETEROATOM REMOVAL

Heteroatom Removal Liquid Recovery
Run (%) (wt%)
N-416 12.42 96.55
N-421 33.06 93.32
N-409 67.88 92.90
theoretical 100.00 92.59
TABLE 12

RESULTS OF SINGLE-STAGE PROCESSING

HCd Nb s Aliphatic
(Wt¥%)  (wt%)  (wt%) (Wt%) Aro:A14d
N-418 - NT550
Actual 3.72 0.43 0.00 45.60 1.19
Predicted 3.84 0.01 0.02 47.72 1.12
Run N-415 2.73 0.01 0.00 47.50 1.11
N-419 ~ NT550
Actual 2.78 0.08 --€ 46.20 1.16
Predicted 1.39 0.08 0.02 52.35 0.91
N-420 - Katalco 660
Actual 4.99 0.27 -- 43.60 1.29
Predicted 1.09 0.09 0.02 52.99 0.88

@ Heteroatom content.

b Nitrogen content.

C Sulfur content.

d Aromatic-to-aliphatic ratio.
€ Undetected.
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SECOMD-STAGL PROCESSING

Tnree runs ware performas as sefond-itage hydregenation runs.  The
product of Run N-4Z5 was used as Lha {2eg-tock for Runs N-424 and N-425, while
the nroducts of Runt 4430 end N-131 Lere sampled, combined, and used as the
feegstock fov Run M-435, The producl of Run N-423 contained some heteroatoms
A0 @ TRSs—Lnan-Cet imdéd atithatic sontent.  IU wds Jsed as a Teeu Lu determine
if less-than-perfect fred cou's e vsed Zuring the hydregenation step to
craduce aviat:on fuew.,  The oreduct of Ren Y-433 contained no measurable
amc.onts of hotecoatoms and was corsidered te be an “optimal" feedstock.
rnglichard 53-681, a piatinum catalyst, was used as the catalyst for thig
precessing, Jbich was per fovmed under the aild conditions listed in
“able 13,0 The catgyst was chosen Tollawing conversations with various

L R | - < 4+ . .
catalysl manufacturers.

TABLE 13
RESULTS OF SECOND-STAGE PROCESSING

Feed for Feed
N-424, For
N-425 N-424 N-425  N-435% N-435
Date 12/16/87 12/18/87 8/03/88
Temp. (°C) 150 200 205
Pressure (psig) 750 700 750
Elemental Analysis (wt%)
C 83.74 87.25 86.78 88.13 88.56
H 10.28 10.16 10.14 11.27 11.2&
N 0.23 0.29 0.29 90.03 -
S 0.08 0.04 -- -- -
o¢ 5.67 2.26 2.79 0.58 0.17
Total Heteroatom
Content (wt%) 5.98 2.59 3.08 0.6 0.17
Aliphatic Content (wt%) 45.40 41.40 42.60 ND 53.13
Aromatic:Aliphatic 1.20 1.42 1.35 ND 0.88

@ values calculated as an average of the values of the products of Runs N-432
and N-433; the two feeds were combined in a 1:1 ratio.

b Undetected.
C By difference.
d Not determined.
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As Table 13 shows, the products of Run N-424 and N-425 did not exhibit an
increase in aliphatic content. This may be due to one of three reasons: the
cataiyst itself was ineffective in this particular system, the conditions at
which the processing was performed were not optimal for the catalyst, or the
heteroatoms which were present in the N-423 product which was used as
feedstock poisoned the catalyst. The results of Run N-435, which utilized the
more "optimal" feedstock, were much more encouraging, as the resulting product
was relatively enriched in aliphatic content compared to other samples
obtained during the research. It should be noted that the specifications for
Jjet fuel list a maximum aromatic content of 25 weight percent; i.e., 75 weight
percent aliphatic content. Even the aliphatic content of Run N-435 did not
approach this target, which could be due to poisoning of the catalyst by the
undetectable quantities of heteroatoms that may have been present in the
N-432 and N-433 products. These results indicate that, although the first-
stage products appear to be excellent candidates for high-density fuels due to
their high aromaticity, the second-stage catalysts which were used were not
effective in producing a product with a low aromatic content.

CONCLUSIONS

e The mathematical models derived from the statistical analysis of the data
appear to be statistically valid. The results of Runs N-423, N-432, and N-
433 successfully verified the mathematical models' usefulness in predicting
"optimal" conditions at which to perform the processing.

e During the first-stage processing, it is possible to reduce the heteroatom
content of the GPGP tar oil stream to below the detectability limits of the
equipment.

e The product of the first-stage processing would be a good candidate for
further processing to produce specification-grade JP-8 or high-density jet
fuel due to its high aromaticity.

e Generally, the higher-pressure runs removed heteroatoms and increased
hydrogen-to-carbon ratio at a more rapid rate than did the lower-pressure
runs.

e The Tiquid balances which were calculated for the runs corroborated
the analytical results.

e The single-stage processing which was attempted was unsuccessful. One of
the catalysts which was tested behaved similarly to the Shell 424 catalyst
which was used during the first-stage testing. The other catalyst was less
effective at heteroatom removal. Neither catalyst successfully increased
the aliphatic content.

e The results of the second-stage testing indicate that the catalysts which
were used were not effective at saturating the ring structures. This could
be due to poisoning of the catalyst due to minute quantities of heteroatoms
present in the second-stage feedstock, poor operating conditions relative
to the catalyst, or ineffectiveness of the catalyst in this particular
system.
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RECOMMENDATIONS

Further second-stage testing should be performed to investigate the

effectiveness of different catalysts at saturating the ring structures in
order to achieve specification-grade fuels.

REFERENCES

1.

10.

11.

Knudson, C.L. 1988. Production of Jet Fuels From Coal-Derived Liquids,
Volume II--Characterization of Liquid By-Products from the Great Plains
Gasification Plant. AFWAL-TR-87-2042. Aero Propulsion Laboratory,
Wright-Patterson Air Force Base, Ohio.

Rossi. 1988. Production of Jet Fuels From Coal-Derived Liquids,
Volume Y--GPGP Jet Fuels Production Program - Feed Analyses Compilation
and Review. AFWAL-TR-87-2042. Aero Propulsion Laboratory, Wright-
Patterson Air Force Base, Ohio.

Kleesattel, D.R. 1985. Petrology of the Beulah-Zap Lignite Bed.
Master's thesis, University of North Dakota, Grand Forks, ND.

Kleesattel, D.R. 1987. Petrology Study of the Beulah-Zap Lignite

Bed with Respect to Gasifier Performance. Final Report to ANG Coal
Gasification Co. University of North Dakota Energy and Mineral Research
Center, Grand Forks.

Flash Pyrolysis Coal Liquefaction Process Development. 1977. ORC
Annual Report, FE-7244-20.

Southern Co. Services. 1987. Integrated Two-Stage Liquefaction of
Subbituminous Coal. EPRI Report No. AP-5221.

Speight, J.G. 1980. Chemistry and Technology of Petroleum. New
York: Marcel Oekker.

Sinor, J.E. 1987. Production of Jet Fuels from Coal-Derived Liquids,
Volume I--Market Assessment for Liquid By-Products from the GPGP. Aero
Propulsion Laboratory, Wright-Patterson Air Force Base, Ohio.

Sullivan, R.F. and Frumpkin, H.A. 1986. Preprints, Div. of Fuel
Chem., ACS 31(2): 325.

Fleming, B.A. et al. 1987. Production of Jet Fuel from Coal-Derived
Liquids. Report No. 5, Quarterly Technical Progress Report,
DOE Contract No. DE-AC22-87PC90015.

Smith, E.B. et al. 1987. Jet Fuels from Coal. Quarterly Technical
Progress Report, DOE Contract No. DE-FC21-86MC11076.

26




ALl CON
ARO:ALI
AST™M
bb1

Btu
¢
g

gal

GC

GPGP

HC

HON

hr

JP-4
JP-8
JP-8X
KF-water
kg

MS

N

NMR
NT550

P

psig

scf

LIST OF ABBREVIATIONS AND SYMBOLS

aliphatic content
aromatic-to-aliphatic ratio

American Society for Testing Materials
barrel

British thermal unit

degrees Celsius

gram

gallon

gas chromatograph

Great Plains Gasification Plant
heteroatom content
hydrodenitrogenation

hour

Grade 4 jet fuel

Grade 8 jet fuel

high-density Grade 8 jet fuel

water determined by Karl Fisher titration
kilogram

mass spectroscopy

nitrogen content

nuclear magnetic resonance spectroscopy
Ni-W catalyst on an alumina support
pressure

pounds per square inch gauge

standard cubic feet

synthetic natural gas

specific gravity

sulfur content

temperature

tetrahydrofuran insolubles

volume percent

weight percent

temperature factor in modeling equations
pressure factor in modeling equations
percent
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NUTE:
NOTE:
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DRI R

So~xoe0te
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Copyright (c) 1985 SAS Institute Inc., Cary, NU 27511, U.S.A.
8AS () Froprietary Software Release 6.02
Licensed to UNIVERSITY OF NORTH DAKOTA, Site 11524001.

ALLTOE XL processing completed.
option ps=5Hé6;

data set jetfuel;
infile "b:jet.dat";

input temp press N s aliph aro_alij
¥l = (temp--360) /30;

®2 = (press—2000) /500;

3 o= o 1kn2y

*4 = xwlidnl;

®S = x2exls

Uy

The infile "H:JET.DATY i1is file BR:\JET.DAT.
8 records were read from the infile B:\JET.DAT
The maximum record length was 32.
The minimum record length was 32.
The data set WORE.SET has 8 observations and 11 variables.
The data set WORK.JETFUEL has 8 observations and 11 variables.
The DATA statement used 34.00 seconds.
Proc regs
model n s aliph aro_ali = x1-u% / rj
rung
proc regs
The FROCEDURE REG used 2.17 minutes.
model n s aliph aro_ali = »1-x% / method=b r;
rung
quits
'he FROCEDURE REG used 2.8% minutes.
proc regs
model s = x2 25 / rj
run;
quits
The FROCEDURE REG used 1.00 minutes.
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SAS i2: 36 Thursday, March %, 1968 1
Model : MODEL1
Dep Variable: N
Analysis ot Variance
Sum of Mean
Source DF Squares Square F Value Frob =F
Model 5 ?. 020001 @. pOYVo 1194.820 Q. wuug
Error by ?. B V. LN
C Total 7 @. 0001
Root MSE Q. 00004 R-Square @.9997
Dep Mean ?.20086 Adji R-8q @.9988
CaV. 4,.329794
Farameter Estimates
Parameter Standard T for HO:
Variable DF Estimate Error Farameter=0a Frob » 1T
INTERCER 1 ?.200104 @.000026749 3.889 @. 0602
X1 1 ?. 000040989 Q.00004416 @.9:28 ?.4513
X< 1 ~-@.388R&41 2.2200832468 -20.217 0.0024
) g 1 -0.00672%2 ¢. 00005220 -13.838 0.0052
X4 1 2. 000655 @. 00004682 13,982 2.0051
X5 1 . 000612 ?0.00002168 27.780 0.0013
hep Variable: S
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Frob >F
Mode! S 0.200008 @.00000 2.3566 @. 3253
Ervror 2 0. 20000 ?.20000
C Total 7 2.00000
Root MSE Q. 00032 R—-Sqguare @.8554
Dep Mean Q.0A0%6 Adi R-8q @.493%
.V 57.33974
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SAS 12136 Thursday, March 3, 1988 2
Estimates
Standard T for HO:

Error Farameter=0 FPraob » 1T\
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SAS

12:36 Thursday,

March 3,

Backward Elimination Procedure for Dependent Variable N

Step 0

Regression
Error
Total

Variable

INTERCEP
X1
X2
X3
X4

XS

Bounds on condition number:

Regression
Error
Total

Variable

INTERCEF
X2
X3
X4
XS

Bounds on condition number:
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DF

N

Farameter
Estimate

0.00a10414
@.00004099
~-0.00066Q71
-0.00072242
B.8B65459
@.00860219

DF

NG

Farameter
Estimate

0.80010=04
-0.00043467
-0.00076312
B.080068736
0.08061162

All Variables Entered

Sum

Variable X1 Removed

Sum

R-square = @.99966533

af Squares

?. DoBBOBLY
?. 008000V
0. 00000860

Standard
Error

?.000824678
B.00004416
@.00083:269
0. 00005220
@.023080468%
0.00002168

Mean Square

0.00000172
@.00000000

Type I1

Sum of Squares

&.a2000vazz
0. 20000801
@.0BoARASY
3. 0000voL

2. 2ev0ra2s
B.00000111

R—-square = @.9993211%9

of Squares

?. o008 sY
?. 00000200
?.200000860

Standard
Ervror

0. 00002613
0.000016356
0.00OB27 66
@. 08003802
©.00001870

Mean Square

@.08000215
?. 0BBVBBVY

Type I1I

Sum ot Squares

0. POPVVBOZ
@.000002a7
0.280000104
@.00000072
?.00000147

Cp) = 6
F

1194.82

F

15.13
@.86
408.71
191.50
195. 48
771.71

1565.62

g

15.55

1504.86
761.31
524,12

1069.356

All variables in the model are significant at the @.1000 level.

Al5

1988 é6

. B0OVOBVD

.861437Q9

FProb»F

@.0008

Frob »F

a.08602
D.4513
.0

@.00852
9.0851
B.0013

Frob »>F

?.0001

Frob»F

0.0291
3.00a1
b.0001
0.0002
@.0001




SAH 12: 36 Thursday, March 3, 1988 7

Summary ot Hackward Elimination Praocedure +tor Dependent Yariable N

Variable Number Fartial Model
Step Femoved In Ryx2 R¥xx2 Cip) F Frob:F
1 X1 4 B.0001 D.9995 4.8614 0.8614 @.4513

Al6




Bactward Elimination Frocedure

Step @ Al VYVarirables
DF

Regression b

Ertror =2

Total 7
Farameter

Variable Estimate

INTERCEF 2.020001470
%1 -0.00001162

X2 -0.00818906
X5 0.000122298
X4 Q.000:2138%
X&) V.20042281 0

Rounds on condition numbetr:

Step 1 Variable X1 Removed
DF

Regression 4

Error A

Total 7

Farameter
Variable Estimate

INTERCEF B.00001502

Xz ~-0.00019644
X3 @.000173452
X4 @. 0002455
X . 00042545

BHounds on conditiron number:

Step 2 Variable X3 Removed R~-square
DF Sum of Sqguares
Fear ession ke @.P20001:20
Err or 4 2. 20000A024
fotal 7/ Q.00080144

Faramet er

Variable Estimate

Entered

SAS

Sum of Squares

0. 000001273
0.0200a:1
8. 00000144

Standard
Error
Q.00022768
Q.0Q0 7552
@.000.7789

0. 20039809
B.00018472

5. 4825,

Sum of Sqguares

@.0000012>
a. 30000021
Q.00000144

R-square

R-square

12236 Thursday, March 3,

for Dependent Variable &

= A.855738904
Mean Sqguare F

2037

. ABVBO2S

©. 20000007

Standard Type 11

Error Sum of Squares F
@.00018576 9. 02VBLOY @.a1
D.00011653 ?.00000R20 2.8%
D.00B19666 ?.2000DA= @0.47
Q.00Q217348 Q. VB000Q0%6 @.9
V.0001 3299 . 200OBO71 10. 23

1.6134, 21.3751

Standard
Ervor

Al7

= @.83275584 =
Mean Square F
@. 00000040 6. 64
2. A0OVBVLASG
Type I1I
Sum of Squares F

Cip) = 6.

1988 8

ralvalralvdtalralv gt

Frob =F

STeaE ey
PR P

2.00000013
Type 11
Sum of Squares F Frob -F
2. 0002030 @.ue D.9%544
0. 0VBDBLA a.on @.9751
2. 200BALBS @. a6 D.5665
?.00000VO1 0.8 a.8bk77
@. AAVAAAAE Q.9 Q.6449
0. 00000056 5009 @.145Y
P95
= B.85%531986 Cep)r =  4.000954/8
Mean Square F Frob:F
Q. 20000031 4. 4% 3. 1256

Frob -F

G.2407
A.1899
0. %451
@a. 4287
@.0494

C(p) = 2Z.313021973

Frob »F

Q.8494

ot =F




INTERCEF 3. 00VRVB40
X2 -@. 0001553

X4 0.00R26773T
X& 0.08B44147

Bounds on condition number:

5AS

©.00017273
0. 0VBBY27S
@3.000179446
0.00812189

1.0432,

~

-r

2: 36 Thursday,

2. 000000
¢. 0000A17
@.000000173
0. 20000079

P.2712

March 3,

0.00
2.80

S L)
P

13,12

1988 9

B.9636
B.1693
@.21a3
.

ey
A )

Sum

Step 3 Variable X4 Removed
DF
Regression 2
Error S
Total 7
Farameter

Variable Estimate
INTERCEF V.080015917
e ~@.030135025
X5 D.00042651

Bounds on condition number:

R-square = @,7I1996072

ot Hguares
?.20008186
@.B000BB=7
0.200A144

Standard
Error

0.00015611
0.0801033
0.00B1=548

1.0361,

Mean Square

Sum

@. 23000053
@.vvoRvda7

Type II
of Sqguares
0. 000VVBOB
2.60000416
0.00000074

4.,1445

C(p) = 1.

1.04
2.11
.91

99639004

Frob »F

5'.,..?:20
Frob =F
B.3547

@.2058
0.0254

- e e e o i o o i s i o i . - o Y " S T o o At S o s s et Mt P s e S N o S e e Lt b e o o o Do o Shend Ahee TP S et e D e A ot 0 e el O M e e W e e i i o

Step 4 Variable X2 Removed
DF Sum

Ragression 1

Error b

Total 7

Farameter

Variable Estimate

INTERCEF 0.00013875
X5 0.2004463529

Hounds on condition numbher:

R—-square = 0.630@%9214

of Sguares
0. 01V 1
0. VOLVRBST
B.00000144

Standard
Error

@.20016928
©.00014492

Sum

Mean Sqguare

@.00nvuanay L
@. 0BvOVVBY

Type 11
ot Sguares

@. 0000BVBA6
@.sb00V071

0
v
]

F

1Q.22

1.

11590356

FProb»F

@.a187

Frob»F

0.4437
2.0187

All variables in the model are significant at the 0.1000 level.

Al8




GRS 12:36 Thursday, March 3, 1988 1@

Summary of Hackward Elimination Frocedure for Dependent Variable S

Variable Number Fartial Model
[Btep Removed In R¥%x2 R¥xx2 C(p) F FrobF
1 X1 4 . 2001 @.4855% 4,0010 0.0010 @.9781
< X3 3 @.0226 @.832 2.3170 D.4679 @.%431
) X4 2 0.0928 D.7400 1.5964 2.0194 @.210%
4 X2 1 @.1099 B.6301 1.1159 S 1125 0.2058
Al9




Ractward Elimination

Step O ALl Variables Ent

DE

Hegression b/
e or i
Taotal 7

Farameter
Vari1able Estimate
INVERCER 49, 24098443
X1 2. 199263569
LS F.HF9IP92410
o ~2. 65581867
L 1.32320736425
% =P 1BH7ERTES

condition number:

Bounds an

Hrep 1 Varirable

DF

Regression 4
Ervror A
fotal 7

Farameter
Varitable Estimate
IMTERCER 4912061816
‘) 2.049@Q7 7.2
X 2.81S68713
XA ~2.834693001
£ i 1.4698012%

condition numher:

Hounds on

b e2py Yartable X4 Remove

DF

eI OS5 L On A
Frr or q
Foyt 7

Faramet er

Variable Estimate

X% Removed

HAD
Frocedurse +or
ered
Sum of Squares

144. 72767080
- 24507720
152.96875000

Standard
Error

. 28680
1. 74935358
2.79472798
2. 50604090
1.16@032701

5. 4825,

Sum of SHquares
144.,.647872@9

8.732087791
152.96875000

Standard
Ervor

B.92502116
1.712968571
1.23141899
£.@013525188
1.84612174

4., 2299,

&l Foaquare

Sum ot Squares

142.88974831
18. 7676169
15 . 968375000

Standard
Ereor

A20

Dependent

R-square

R—-square

12: 36

= 0. 74609958

Mean Square
E2B.94473416
4. 1225353960

Type 11

Hum of bHouares
4865. 833227841
5.596821:208
18.381695977
SVT7ELIQT7O6ET
1.1443952%
B.@/579871

995

= @.945604Q7
Mean Square
F6. 161726802

2.77562597

lype 11
Sum of Squares

7855.10929872
H.968780%1
26. 63064674
5.50753882
1.79810378

56,9517

= B3.93411084
Mean Square
47 62992277

2.89197454.

lype I1

Sum of Squares

Thursday,
Varrable

C(p) =

Cip) =

Clp) =

March =, 1986 it

AL TPH

6. BLONBYV

F Frob:F

@2.1294

F Froh =F

1180. 50
087
4. 44
?. 90
Q. w5
0. 0%

0. 0008
0.4504
B. 1691
G. 4427
0. 6509
0.9046

4.81858641

F Frob:F

13,04 @0.05A7

F ProbsF

2852.@07
1.4
.60
1.99
. &3

2.0001
@.3173
. Q534
. 2556
@.4841

<.44484776

F Frob =k

18.90 0.20680

- Feaob i F




SAS 12: 36 Thursday, March %, 1988 12

[INTERCEF 49,24810930 @.86642291 8140@. 946580094 22750.87 2.0001
X1 $.9912919% 1.18048876 16.18115131 6. 4% 0n.0s644
| 5 %.19617882 @.90°96901% 31.1091165S6 12,54 @.0246
¥y ~1,66542249 1.30962426 4.07485473%7 1.62 0.2724
Bounds on condition number: 2.3828, 18.8986
Step 3 YVariable X3 Removed R-square = @.90747237 Cip) = 1.43328080

DF Sum of Squares Mean Square F Frob:F
Regression 2 138.81491394 69.407456%97 24.5% 0.00:26
Error 5 14, 15387606 2.83076721
Total 7 152. 26875000

Farameter Standard Type 11
Variable Estimate Error Sum aof Squares F Frob #F
INTERCEF 48. 492317385 Q. 66820745 149Q7.55924729 D66, HE @.0van1
X1 F.87056715 1.01403639 41,24262%71 14.57 Q.0124
X2 2.40869424 Q.70631551 I2.9207725% 11.67 @.0190
Bounds on condition number: 1.2786, 5.1145

All variables 1in the madel are significant at the 0.12000 level.

A21




HAs 17: %6 Thursday, March &, 1988 17
Summary of Rackward Elimination Procedure tovr Dependent Variable ALIFH

Variable Number Fartial Model
Step Remaved In 3 £ V) R X2 Cip) F Frob :F

1 X5 4 @. 2005 @.7456 4.0184 @.9184 B.9046
& x4 = 2.0115 @.9%541 2.4448 D.&ETET @.4841
3 X 2 B. D266 @.907%5 1. 435355 1.6172 A.2724

A22




SnS

12: 36

Thursday,

March =, 1988 14

Backward Elimination Frocedure for Dependent Variable ARO ALl

Step O

Reagression
Errar
lotal

Variable

INTLRCEF
X1
X
X3
X4
X5

EBounds on condition number:

Step 1

Fegression
Error
fTotal

Variable

All Variables Entered

DF

~N R3O

Farameter
Eastimate

1.03149430
—~0.10488251
~@.15536987

D.12173164
~0.0415%9778

B.01615138

Variable X5 Removed

DF

~ A b

Faramet e
Eatimate

HSum oo Squares

A. 27913696
B.01285054
@.29198750

Standard
Et+var

Q. 05656402
B.Q9IE2493
@.06206228
@.11031465%
@.0982iE5=
Q.045808464

5.4825,

Sum of Squares

0. 27853820
. 017554950
@. 29198750

Standard
Ervror

R-square

-square

= 0.95598942
Mean Square

@.85382739
D. 00642527

Type I1

Sum of Sqguares

2.13519449
B.0081 1522
0.0325194%5
B.01782379
@.080113587
@. 20079876

9.5

= @.95325382
Mean Square

@. 06958455
2.2Q454977

Type 11

Sum of SHouares

Cip) = 6£.00000000
F Froh :t

8.69 @.1Q464

I Frob =k

S| . vV
1.46 @, /e

5. 06 w.1334
1,28 - E848
@.18 m 7150
@.12 @.7531

Clp) =  4.12431528
= Frob =k

15.59  0.0246

F Froh -F

INTERCE 1.04385041 D.BE7IB8I70 Z.54732618 779.867 a.00a1
X1 -0. 08946502 0.06937841 D.DA756566 1.&6 B. 2876
2 ~B.16786977 @.84987426 @.05154412 114355 Q. 0455
XA a.14 -49 D.28153882 W.01347476 296 0. 1837
X4 Q. DE6EBLE D.@7477061 0.002638186 .58 @.5017
Bounds on condition number: 4.,2299, Sé. 9913

Step 2 Variable X4 Removed R-square = @Q.94421796 Clp) = 20534937528

UF Sum of Squares Mean Square F- Frob F

Reqgr essi on A B. 27569984 A. OF1BIFT ST 0. 0a57

Error 4 D.Q1629766 @.20307191

Total 7 B.29198750

Var1table

Faramet or
Eaotimate

St andaed
Evrvor

AZ3

Tvpe L1

Sum of Squares

b Fr ob - F




SRS 12: 36 Thursday. March 3, 1988 15

INTERUGEF 1.92891158 D.AE4B297% B 622B8A2% B89, 7.2 . v
X1 @, 12096516 @.0474%188 0.02869411 7.90%5 @.0567
X2 ~@. 14387045 0.03656912 A. 2602500 15.44 0.0170
b6 2. D424086 @.05264628 D.01324249 2.75 @.14%57

Bounds on condition number: 245808, 18.8986

Hrep 3 Variable X2 Removed R-square = @.89886504 Cp)y = 2.59593814

DF Sum ol Squares Mean Square F Frob >F
Hegression 2 B. 26245736 @. 13122868 22,24 @.003=
Ertror 5 @B.229532014 D.00590607%
Total 7 @.29198758

Farameter Standard Type 11
Varrrvab le Festimate Erveor Sum of Saquares F Fr ot #F

INTERCEF 1.08199724 Q.52 7. 42186507 1286, 66 W.2001
X1 ~@. 17609006 B.04631794 ?.RR526247% 14.4% 0.0126
X -@.A9897826 Q. Q03226224 &.05558867 ?.41 @.0278

Bounds on condition number s 1.2786, S.114%

i1l variables in the model are significant at the 0.1000 level.

A24




SYAL 12: 36 Thursday, March I, 1988 14

Summary ot Backward Elimination Frocedure for Dependent Variable ARG _AL 1

Variable Number Fartiral Model
Step Removed In ook RXX.2 Cm b Frob -
1 X5 4 B.0027 @.925353 4, 1:24% D.124= @.7%81
2 X s 0.0090 @.944: 205549 B.5/99 B.5a17
X& 2 @.4454 a.8989 2a D95y Rl 292 @B.14%7

A25




SAsH 12: %26 thursday, March 2, 1988 17

Fredict Std Eer Std Erv Student
Ohs N value Fredict Resicdual Residual Residual

1 ® 2.984E-5 2.000 -2.98E-5 @.000 -1.62%
o 0.00:280 2.00280 0.200 2.867E-6 ?. 200 ?. 240
A 4E-4 4. 162E--4 2.000 =1, 6265 @.a00 -0. 6461
4 0.01:220 @a.00219 7. 000 F.65E-6 .00 @.456
p @ ~5.01E-5 @.22Q G.Q06E-5 a. 000 1.68%
& 1E-4 1.099E-4 7. 200 ~F.91E-b6 0n.000 ~@. 375
7 @.0013%9 @.001%1 B. 309 -1.42E-5 @.ran ~@.80%
3 1E-4 . 24TE-G 0. 000 7..967E-6 Q.60 @. =87

Cook's

Obe -@=-1-0 1 D

tJ

XXk 1.620

@.122

A i L ) @.112
4 : i . @.086
] 1 PRk : @.316
) : i i @a.az27
7 ‘ L i @. 4359
a3 ' ! ] B.@1é

Sum of Residuals —1.4326G7E-18
Sum of Squared Residuals @. 2w
Fredicted Fesid S5 (Fress) 8. 0000

Fredict Std Err Std Err Student
Ubs S Value Fredict Residual Residual Residual

-

1 8E~-4 ?.831E-4 2. 000 -1.83E-4 @.000 -0.746
2 7E-4 7.503E-4 2.2 -~Z.AQ3E-S @.000 -@A.11t
6bE—4 2.411E-4 3. 00 3.589E-4 a.004 1,381

@. 20120 @.0010%5 @.000 1.53532E~-4 a.006 @. 655
YE-4 6. 02E-4 .00 -4.0ZE-4 0.000 -1.44%

i] 1.3%88BE-4 @.000 -1.39E-4 ?.000 -@.546
B.00100 6. 189E-4 @.a0a Z.811E-4 ?.000 1.371
@ 1.%59E-4 @.00 -1.39E-4 . a0a -@.567

N op o

TN

Cook ™ g
C"b‘_-‘:’ - :-’-"A'“‘l _@ 1 :, 5

@.13%1
0.001
2.7%00

A26




SAS 12:36 Thursday, March %, 19688 18

Cook’s

Nhes - Dol-@ 1w >
. : P X ! 2.134

S = XK ! @.151

o : X ? 0.077

! : LAk ‘ 2.139

° : i ‘ 0.077

Sum of Residuals —1.19262E-18

A27

Sum of Squared Residuals ?. 02000
Fredicted Resid 8% (Fress) @.0000
Fredict Std Err Std Err Student
(Obs ALLTFH Value Fredict Residual Residual Residual
1 54. 2000 53.5503 1.111 @.6497 1.264 B.514
2 49,7000 48. 9960 1.273 @.704@ 1.100 @.640
= 54 . 8000 S54.0110 B.979 @.78920 1.7368 QA.u77
4 44, 1000 45,1201 1.8 -1.0201 1. 334 -@.743
5 52.0000 54,3845 .47 -2.384% 1.7391 -1.714
b 47 . 5060 48. 1053 B3.719 ~-@.605% 1.52] -@. 398
7 41.6000 42,0407 1.3209 -@.4407 1.056 ~@Q.417
8 50. 6000 48. 2921 Q.7a7 2,379 1.527 1.511
Cook’s
Obs ~2-1-@ 1 D
1 : HE § i B.068
2 ! H ! @.183
3 ! HB 4 ' B.a57
4 ! X H @.115
5 ] KKX ' 0.454
& ! ! ! Q.212
7 : ; ' a.089
a8 ! AKX ! Q.163
Sum of Residuals ~7 . 1QS4ZE~15
Sum of Sqguared Residuals 14,1578
Fredicted Resid 55 (Fress) 29.9190
Fredict Std Err Std Err Student
Obs ARO_ALL Value FPredict Residual Residual Residual
1 2. 8500 V. 8662 B.051 ~@D. 0162 B.vos -@. 281




SRS 172: 36 Thursday, March 3, 1988 19
Fredict Std Err Std Err Student
(s AR AL Value Fredict Residual Residual Residual
2 1.0100 1.9471 .058 -0.0271 .50 -0.77%8
A @.8200 @.83159 @. 045 -@., B159 D.0B67% -@. 255
4 1.2700 1.2206 .47 D.04%94 D.061 ®.811
3 . 2200 @.8:245 G, @4 Q.4955 2.0364 1.503
) 1.1100 1.0996 0.5 0.0104 D.069 ?.150
v 1. 40300 1.3%647 A.as0 @. Q555 .48 @.731
8 ®B.2700 1.0914 D.052 -0.1214 D.070 -1.740
Coolk:" s
Obs ~2-1-0 1 2 D
1 H H H @.020
2 ' X\ H @.247%
A ! 1 ! 0.011
4 ! VX i @.130
5 { PRXX . @.34%9
1) H : ' ?2.002
7 ' B 3 i B.274
8 ! b8 8 H B.216
sum of Residuals -1.11822E-16
Sum of Squared Residuals @.0295
Fredicted Resid 55 (Fress) D.0B645

A28




Model :

MODEL 1

Dep Variable: S

Source DF
Model 2
Error S
C Total 7
Root MSE

Dep Mean

Variable

INTERCEF

X2
XS

Obs

I TS g

~N O

C.Vv.

DF

G

8E-—4
JE~4
HE—4
@2.001:20
2E-4

@

. 0100

b3

@

X0k K

XX

Analysis ot

Sum
Squar

2.000
?.000
@.0ua

?.2va
@.000

of
es

alts
20
52%]

27
56

SAL

Var 1 ance

12236 Thursday,

Marc

Mean
Square F Value
2. 20000 7.114

@.00000
R-Square @.7400

Adi R-Sqg

@.6359

48. 63004

Frarameter bFotimates

Farameter
Estimate

0. 300159
-@. 200150
0.00V427

Fredict
Value

7.337E-4
B.736E~-4
1.828E-4
0.001:21
4. 354E-4
1. 5902E -4
75414
1. 55014

Standard T for HA:
Error Farameter=@
@.00015611 1.@20
D.A001033E7 -1 . 455
@.20013548 Z.148
Htd Eer Std Err

Fredict

a.0roy
@. 000
@. 200
a.080v
2.00a
a. e
@.00a
.02

Cook'g

D

@a.171
@B.A75%
@.3%69
@.000
2.153
@.281

A29

Residual

6. 6IEE-D
-1.74E--4
4.172E-4
-5.48E-&
. IGE-4
~-1.89E-4
2. 45H9E-4
-1.86E-4

-t
'

Residual

0. 000
.00V
?.200
0.000
. 20
Aa.A0a
@a. e
@.20d

o3, 1968

Frob :F

B.02345

Ferob

20
-

@a.3547
@..2058
@.2254

Student
Residual

. 453
-@.7351
1.774
~@. 05
~1.DED
-A.799
1.@%4
-@. 693




Obs -u=1-8 1 2
7 ' KX i
a8 ! X H

sum of Residuals
Sum af Sguared Residuals
Fredicted Resid 8% (Fress)

5SS 12:36 Thursday.,

Cook’s
D
D.115
@.@a77

-1.0571E-18
0.0000
@. 0000

A30

Mar ch

1988

21




APPENDIX B
DATA TABLES
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NAME

TRARFPHEN
PRQOD
JET R
TAR OIL

TAR OIL
N410-1
N410-2
N410-3
N410-4
N410-5
N410-6
N410-8
N410-3
N410-10
N410-11
N410-12
N410-14
N410-15
N410-17
N410-18
N410~-19
N410-20
N410-21
N410-22
N410-EP
TAR OIL
N408-1
N4oO8-2
N408~-3
N408-4
N408-5
N40O8—-6
N408-8
N40O8-9
N408-10
N40OB8-11
N408-12
N40O8-14
N40O8-15
N408-17
N40O8-18
N40O8-19
N408-20
N4O8-21
N4O8-~-22
N4O8-EF

AROMATICS DATA

Rraomatic Phenolic OH Methoxy/Fluor Acenaph.

9. 0-5. 9ppm S. 2-4. 4ppm 4. 4-3. Sppm 3.5-3. 3pp
25.8 1.5 2.6 0.8
25.8 1.5 2.6 0.8
18.5 2.1 2.6 0.8
19.6 1.4 1.8 0.6
16. 1 1.3 2 0.7
14.8 0.8 1.3 0.5
11.1 1 1.1 0.3
25. 8 1.5 2.6 0.8
20. 3 0.7 2.2 0.7
13.7 1.5 2.2 0.7
13. 4 1.6 2 0.6
12. 4 1 1.6 0.6
10.5 0.9 1.2 0.3

B7




NAME

TAR OIL
N40QO9-1
N4039-2
N409-3
N4O3-4
N4Q3-5
N4Q3—-6
N40O9-8
N4Q3-3
N403-10
N4039-11
N4Q9—-12
N4O3—-14
N403-15
N40O3—-17
N4Q3-18
N4Q3—-19
N4039-20
N4039-21
N4Q3-22
N4QO29—-EF
TAR OIL
N413-1
N413-2
N413-3
N413-4
N413-5
N413-6
N413-8
N413-9
N413-10
N413-11
N413-12
N413-14
N413-15
N413-17
N413-18
N413-19
N413-20
N413-21
N413-22
N4 * 3—-EF
TAR OIL
N4l1a-1
N414—-2
N414-3
N4la—4
N414-5
N414-6
N414-8
N414-9
N414-10

AROMATICS DATA
Aromatic
3. 0-S.9ppm

.8

T
o

o
o

.1

19. 4

18.2

18.7

® G

(U

Pherolic OH

S. 2=4. 4ppm

1.

Q.

[N
w6

S

6

U

(L]

o,

B8

Methoxy/Fluor
4.4-3.Sppm

2.6

1.3

30
[ ]

o
99}

Acenaph.
3.5-3. 3pp

0.8

0. 4




AROMATICS DATR
Aromatic Phernolic OH Methoxy/Fluor Acenaph.
NAME 9. 0-5, 9ppm S5.2-4. 4ppm 4. 4-3,. Sppm 3.5-3. 3pp

N414-11 12.4 1.4 2.1
N4l14—-12

N414-14

N414-15

N414-17

N414-18 11.7 i
N414-19

N414-20

N414-21

N4la-22

N4 t4-ER 10.1 0.6 1.3 0.4
TAR OIL
N415-1

N415-2

N415-3

N415—-4

N415-3 19. 4 1.6 2.2
N415-6

N415-8 18.9 1.5 2.2
N415-9

N415-10

N415-11 16.7 1.5 2.2
N415-12

N41S-14

N415-15

N415-17

N415-18 15 1 1.2
N415-19

N415-20

N415-21

N415S-22

N415-EF 12.8 1.1 2.1
TAR OIL

N416-1

N416-2

N416-3

N416-4

N416~5

N416-6

Nale-8 21. 4 1.7
N416-9

N416-10

N416-11 20.3 1.8 2.2
N4i6-12

N416-14

N416-15

N416-17

N416-18 18.9 1.6 2.2
N416-19

N416-20 17.3
N4l16-21

N416-22

T

2.2

ro
e
o
[ 3
»

fo

ro
f
o

B9




AROMATICS DATA
Aromatic Phenclic OH Methoxy/Flucr Acenaph.
NAME 9. 0-5. 3ppm S. 2—4. 4ppm 4. 4-3.5ppm 3« 5-3. 3pp

N416-EF 18. 4 1.9 2.6
TAR OIL

Nal17-1

N4l17-&

N417-3

N417-4 13.8 1.6 2.1
N&4l17-5

N417-6

N417-8 18.1 1.4 1.9
N417-9

N417-10 16. 3 1
N417-11 16.7 1.
N4l17-12

N417-14

Ne17-15

Na17-17 14.39 i 1
M4l17-18 14.7 1.5 2
Na17-19

N417-20

N417-21

N417-2&

N417-EF 11.1 1.4 2.6
TAR OIL
N418-1

N418-&

N418-3

N418-4

N418-5

N418~-6

N418-8

N418-3

N418—-10 20.7 1.
N418—-11

N418-12

N418-14

N418-15

N418-17

N418~-18 18 1.4 1.8
N418-19

N418-20

N418-21

N418-22

N4 18~-EF 16.9
TAR OIL

N419-1

N4 19-2

N419-3

N4a13—-4

N413-5

N413-6

N4139-8 18. 4 1.8 2.1
N419-3

T
o
1]
=Y
oM
v
-

7]
-
0]

fa
03]
-
[
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AROMATICS DATA
Aromatic Phenclic OH Maethoxy/Fluor Acanaph.
NAME 9. 0-5. 9ppm 5. 2-4. 4ppm 4. 4-3.Sppm 3. 5-3. 3pp

N413-10
N419-11
N4139-1& 18 1. 4 2. 4
N413-14
N419-15
N413-17
N419-18 15.8 1 1.8
N419-19
N419-20
N419-21
N4t19-22
N419-EF 13.9 1 2. 4
TAR OIL
N420-1
N420-2
N420-3
N420-4 3.1 1.7 1.9
N420-3
N420-6
N420-8
N420-3
N420-10 20. 1 1.5 1.9
N420—-11
N420-1&
N420-14 18.8 1.3 1.7
N420-15
N420-17
N420-18
N420-19
N420-20
Na420-21
N420-22
N420-EP l16.2 1 1.9
TAR OIL
N421-1
N421 -2
N421-3
N421-4
N421-5 20. 6 1.6 1.9
Na421-6
N4c1-8
N421-9
N421-10 18.6 1.7 2.3
N4z1-11
NaZ21-1g
N421-14
N421-15
N421-17 .
N4z1-18 15.4 1.6 2.2
N421-19
N421-20
Nazi1-21
Bl1




AROMATICS DATA

Aromatic Phenclic OH Methoxy/Fluor Rcenaph.
NAME 9. 0-5. Fppm .24, 4ppm 4. 4-3.Sppm 3.5-3. 3pp
N4z31-22
N421-EF 14.9 1.7 2.2
Bl12




{
Alpha to Aromatic Beta to Aromatic Cyclohexane
NAME m 3.3-1.9ppm 1.9-1.Sppm 1. 43ppm

CHN DATA
Rlpha to Aromatic Beta to Aromatic Cyclohexane
NAME m 3. 3-1.9ppm 1.9-1.Sppm 1.43ppm

TARPHEN

FROD

JET R

TAR OIL 30.9 6.5 o

TAR OIL 30.9 6.5 a
N410-1 ‘

N410-2 28 6.7 0]
N410-3

N410-4

N410-5

N410-6 25. 1 8.3 0
N410-8

N410-9

N410-10

N410-11

N410-12 24 9.5 0
N410-14

N410-15

N410-17

N410-18 22. 4 10.1 2.3
N410-19

N410-20

N410-21

N410-22

N410-EF 19 12.7 .
TAR OIL 30.9 6.5

N40B8-1

N408-2 24.6 7.2 Q
N40B8-3

N40O8-4

N408-5 4 7.8 0
N408-6

N40B8-8

N408-3

N408-10

N408-11

N4OB8-12 =4 11
N40O8-—14

N408-15

N4Q8-17

N4O8-18

N408-13 2. 8 i
N4G8-20

NaO8-21

N4O8—-22

N4Q8-EF 18.6 14.3 4

<

E»J
o
o

B13




Alpha to Aromatic Beta to Aromatic Cyclohexane
NAME m 3. 3-1.9ppm 1.9-1.5ppm 1.43ppm
TAR OIL 0.3 6.5 0
N40O9-1
N40Q9—-2 28.2 6.2 o
N40O3-3
N4Q3-4
N4Q3-5
N4O3-6 26.9 S.1 0
N4O39-8
N4Q9-3
N4039—-10
N403-11
N4O3-12 26.7 7.3 0
N40O9-14
N409-15
N409—-17
N4O9-18 et 9.2 0
N409-19
N4Q3—-20
N40O3-21
N4Q3-22
N4OI-EPFP 2i
TAR OIL 3
N413-1
N413-2 28.8 6.5 o
N413-3
N413-4
N413-5 2
N413-6 2
N413-8
N413-9
N413-10
N413-11
N413-12 25.9 8.4 (0]
N413-14
N413-15
N413-17
N413-18
N413-19
N413-20
N413-21
N&413-22
N4 13-EF 24. 2
TAR OIL 30.9 6.5 (o]
Nal14-1
N414-32
N414-3 26.3 9.6 O
N&14-4
N414-5 24.9 9.8 (o]
N414-6 :
N414-8 23.2 10.1 (0]
N414-9
N414-10

Y]

oW

.8 7.6 o
7

[,
e
w
fo
®

Bl4




Alpha to Aromatic Beta to Aromatic Cyclohexare
NAME fm 3.3-1.9ppm 1.9-1.Sppm 1. 43ppm

N414-11 23.3 11.4 0
N4l14~12
N414-14
N414-15
N414-17
N414-18
N414-19
N414-20
N414-21
N&414-22
N414-EF 19. 3 16.2 3.8
TAR OIL

N415~1

N415-2

N415-3 27. 1 8.1

N415-4

N415-5 27.7 8.2

N415-6

N415-8 26. 3 9.3

N415-3

N415-10

N41S5-11 25.9 9.7

N415-12

N415-14

N415-15

N4135-17

N415-18 24. 1 10.8

N415-13

N415-20

N415-21

N415-2&

N4 1S-EF 23. 1 13. 4

TAR OIL

N416-1

N416-2

N416-3

N416—4

N416-5

N416-6

N416-8 27 7.8

N416-3

N416-10

Nal16-11 27.4 7.9

N4l16-12

N416-14

N416-15

N4l16-17

N416-18 26.5 9

N416-19

N416-20 26.1 8.1

N4l16-21

N4at6-22

o
fo
(%Y
l:o
k-3
(e}

Bl5




Rlpha to Aromatic Beta to Aromatic Cyclohexane
NAME m 3. 3-1.9ppm 1.9-1.Sppm 1. 43ppm

N416-EFR 25.9 9.5
TAR OIL

N417-1

N417-:

Ng17-3

N417-4 27.5 8.1
N417-5

N417-6

N417-8 26.1 9.5
1417-9

N417-10
N417-11
N417-12
N417-14
N417-15
N417-17 24

N417-18 24.9 10.9
N417-19

N417-2Q

N4g17-21

N417-22

N417-EF 21.9 12.3
TAR OIL.

N410-1

N418-2

N418-3

N418-4 z28. 2 7.6
N418-5

N418-6

N418-8

N418-93

N418-10 26.6 8.4
N418-11

N418-12

N418-14

N418-15

N418-17

N418-18 25.9 9.1
N418-13

N418-20

N418-21

N418-=2

N418-EF 24.1 3.8
TAR OIL

N413-1

N4 19—-2

N419-3

N419~4

N419-5

N413-6

N419-8 26 9.3
N419-9

B16




Alpha to Aromatic Beta to Aromatic Cyclohexane
NAME " 3. 3-1.9ppm 1.9-1.5ppm 1.43ppm

N419-10

N419-11

N419-12 26. 6 2.9
N4139-14

N419-15

N419-17

N419-18 24.9 10.5
N419-19

N419-20

N419-21

N419-22

N4 13-EF 24.1 12. 3
TAR OIL

N420—-1

N420-2

N420-3

N420-4 =28.3 7.2
N420-5

N420-6

N4z2Q-8

N420-3

N42O-10 27. 4 8.6
N420-11

N420-12

N420-14 27 9.2
N420-15

N4z0-17

N420—-18

N4Z0-193

N420-20

N420O-21

Na420-22

NazO-ER es. 7 11.5
TAR OIL

N421-1

N4z1-2

N421-3

N4z1~4

N4z1-5 27.4 7.6
N421-6

N4Z21-8

N4z1-93

N421-10 26. 7 9
N4ezt-11
N421-12
N4Z1-14
N421-15
N421-17
N4&1-18
N421-19
N421-20
N421-21

fu
o
]
b
41
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NAME

N4Z1-22
N421-EF

m

Alpha to Aromatic Beta to Aromatic
3. 3-1.9ppm

3.8

1.9-1.Sppm

B18
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Cyclchaxane
1. 43ppm




Methylene Methyl
NAME 1.5~1.Oppm 1. 0-0.2ppm Aromatic RAliphatic H

CHN DARTA
Methylene Methyl
NAME 1.5-1.0ppm 1.0-0.2ppm Rromatic Aliphatic H

TARFHEN
FROD
JET A
TAR OIL

ro

9.5 68.1 31.9

1]
b

Arc:Ali
9.5 68.1 31.9 2.13

(U
p
>

TAR OIL
N410—-1 .
N410-2 29. 1 12. 3 58.7 41.4 1. 42
N410-3

N410-4

N410-5

N410-6 &£9. 3 15.8 56.8 43. 1 1. 32
N410-8

N410-3

N410-10

N410-11

N410-12 31.8 14.5 S3.6 46. 3 1. 16
N410-14

N410-15

N410-17

N410-18 30.8 17 49.9 S50. 1 1.00
N410-13
N410-20
N410-21
N410—-22
Na410-EF 30. 4 21.1
TAR OIL 2. 4 ]
N40O8-1

N40O8—-2 31 13. 4
N40O8-3

N4O8—-4

N40O8-5 35. 2 15 49.9 50. 2 0. 399
N408-6

N40Q8-8

N408-9

N408-10

N4O8-11

N4OB8-12 32.8 14.6 S2. 6 47. 4 1.11
N408-14

N408-15

N408-17

N408-18

N408-19 32 16.3 S51.6 48. 3 1.07
N408-20

N40©8~-21

N4O8-22

N4QB-EF 28.7

w
n
o
msn
Lol 1Y)
(4]
»
[35)
e
54
o

w
g
\l
>
gl
>
1S3
1Y)
@

n
[
a

45.8

w
rd
fo
e
®
U
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Methylere Methyl
NAME 1.5-1.0ppm 1.0-0, 2ppm Aromatic Aliphatic H AYO'AIE

TAR OIL 22 4 2.9 €8.1 31.9 2. 13
N4Q9—-1

NYOI~ 27.9 13.3 8.8 41. 2 1.43
N4O9—-3

N4QO9—4

N40O9-5

N40O3—-6 30.9 14,7 S4.7 45.6 1.20
N4O9-8

N4QO39-9

N4Q3-10

N40O9-11

N4QI9—-12 30.1 13.1 S6. 8 43,2 1.31
N4Q39-14

N40©3-15

N4O9—-17

N4Q2-18 29.7 14 S56. 3 43.7 1.239
N4Q3-19
N4Q9-20
N4Q9-21
N4Q9-c&
N4Q3I-EF =8 18.7 S0. 4 49,7 1.01
TAR OIL 4 i
Ng13-1
N4l1Z3-&
N413Z-2
N413-4
N4135-5
N413-6
N415-8
N413-9
Na413-10
N413-11
N4gtz3-12
N413-14
N412-15
N413-17
N413-18
N413-19
N413-20
N413-2
N413-2&
N4 13S-EF
TAR OIL
N414—1
N414—~2
N414-~-3
N4la—4
N4l14-5
N414-6
N414-8 33.9 16.9 49.7 S0. 4 0.99
N414-~7

N414~10

M

[

o

L] ?

G -
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i -
[l [ 8]
wmo;m (4]
(o p
- ()]
) 18]
o N

® »
7Y

[4)]
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TG m
o~
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@
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[y
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t
o
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>
-
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-
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J

ot
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o
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e
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-
y
b
w
®
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O

0

5

o

e
g
fu
4
h
T
>
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-
-
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NAME

N414-11
N4i14-12
Na14-14
N414-~15
N414~17
N414-18
N414-179
N414-~20
N414~21
Nal14-22
N414~-EFR
TAR OIL
N415~1
N415~&
N&415~3
N415~-4
N415-5
N415-6
N415~-8
N415~-9
N415-10
N41S-11
N41&-1&
N415-14
N415-15
N415-17
N415-18
N415-19
N415-20
N415-21
N415-22
N415-EF
TAR OIL
N416-1
N416-2
N416-3
N416—-4
N416-5
N416-6
N416-8
N416-9
N416-10
N416-11
N4l6-12
N416-14
N416-15
N416-17
N416-18
N416-19
Nal16&—-20
N416-=1
N416-c2

Methylane
1.5-1. Zppm

33.8

98]
E»J
Ty

o
~
o

fu
N
—

Methyl

1. 0-0. Eppm

15.7

17.7

16.7

17.5

B21

Aromatic Aliphatic H

50.6

439.1

47.3

4y
ro
]

439.5

w
o

40.9

40.3

41.7

48

41.8

44,2

Aro: All
1.02

0. 96

1.09




NAME

N41&6-EF
TAR OIL
Na17-1
N417-2
N417-3
N417-4
N417-5
N417-6
N417-8
N417-9
N417-10
N417-11
N417-12
N417-14
N417-15
N417-17
N417-18
N417-19
N417-20
N417-21
N417-22
N417-ER
TAR 0OIL
N418-1
N41B-&
N418-3
N418-4
N418-5
N418-€
N418-8
N418-3
N418-10
N413-11
N418-12
N418-14
N418-15
N418-17
N418-18
N418-19
N418-20
N418-21
N418-2c
N4 18-EF
TAR OIL
N413-1
N419-2
N413-3
N413—-4
N419-5
N413-6
N413-8
N413-9

Methylene
1.5-1. Oppm

27. 4

W W
Cro=
oo

1Y)
¥
>

r
o
W

28.7

Methyl

1. 0-0. 2ppm

4.2

18.5

16. 1

B22

Aromatic Aliphatic H

o
O :b

&

o
23] I_'L\

w o

49. 3

S4. 4

41.6

40.9

45.3

46. 4

47.8
46.1

41.

[£H

Aro: Ali

1. 40




Methylene Methyl
NAME 1.5-1,0ppm 1.0-0.2ppm Araomatic Rliphatic H AmA“-

N419—-10

N419-11

N419-12 28.7 13.1 58. 3 41.8 1.39
N419-14

N419-15

N419-17

N419-18 31 15.1 54 46. 1 1.17
N419-19

N419-20

N419-21

N419-22

N419-EF 29.7 16. 5 53.7 46. 2 1. 16
TAR OIL

N4z0—-1

N420-2

N4z20-3

N420-4 26.1 11.6 62.2 37.7 1.65
N&4z20O-5

N4Z0O-E&

N420-8

N4z0-9

N4z20-10 27. 4 13.1 59.9 4Q.5 1.47
N4z0-11

N420-12

N4z2O-14 28.3 13.7 58 42 1. 38
N4z20—-15
N420—-17
N42(0—-18
N4z(0-19
N42O-20
Na4zO—-21
N4zO-22
N4zZO~-ER
TAR OIL
N4Z1-1

N4zl -2

N421-3

P42l -4

N4Z1-5 27.5 13.5 S59.1 41 1. 44
N4Z1-6

N4Z21-8

N421-9

N421-10 £8.6 13,1
N4z1-11

N4zi-12

N4zi-14

N4Z1-15

N421-17

N421-18 31 15.1 S4 46. 1 1.17
N4z21-19

Naz21-20

N4Z1-21

S56. 3 43.6 1.29

(Y
o
o
-
p
>

41.8 1.39

[ (3]
t
e
(7]
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Methylere Methyl
NAME 1.5~1.COppm 1.0-0. 2ppm Aromatic Aliphatic H ArO"A”
N4Z1-22

N421-EF 29.2 16.3 S54.6 45.5 1.20
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Jet Fuels Data
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CUDE RN o
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dot ot

D lorat

NTRY T
LI B =
NI N
Sty

R Y
R TR O B B
Franide o
P NBLH
LD RN

Nl b
ISR NS
[ TR I B
det e

[ I B B |
L

[ A
gt
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IR R N
PYIRLLL b
e |
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CHRULDE IMHEN
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[
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1.50
=58
i e
ol s
Ces

=00
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00

S5

Dist
O J6
(R Tt
(I Il e
0. 918
0. 8476
Q. a4
0. Bt

0. 9571

0. 8176
0. 782
0. 7526

70

vl

Loss
0, 0159
0. 008
0, Q106

Q. OO
O, Ol
O, 0119
O, 007
0. OO8S

O, Q04,0
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Q. Q042
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EED

MAX FRESYS
=ND

AVE PRESS FAX FRESS
STAGE

GAS

GAS IN

HZS

FEED GAS
15T STAGE 15T STAGE 15T STAGE @ND STAGE

. - L W R o A ] ]
SND STAGE 1871 S ?(;l(; o ot 9. 6 (:) __________
——————————— o0 100 9.0 @ -
m e ey 100 30.8 L,
2033 e 3
ettt 2077 T 100 40,1 L
———————————————————— 100 7.4 O
— e e 100 100.8 O
————————— 100 31. 5 L
RES TIME
RUN COAL SOLVENT ADD1 ADDE DATE 15T STAGE
N4z 4 NONE TAR OIL (FROD N423) NONE  ENGLEHARD S-G61 1&8/16/787 &0
N4=E NONLE TAR UL (MROD N4&3) NONE  ENGLEHARD S$—-661 18718787 6O
N4 2O NONE TAR OIL NONE KATALCO 660 09/1L/87 Lo
N&g19 NOUNLE TAR 0OfLL NONLE NT %%0 Q711787 6O
N4gilg NONE TAR OIL NONE  NT %50 Q09/09/87 60
N4 .55 NUNE TAR OIL NONE  SHELL 4&4 06/09/88 &0
N4 1O NONE TAR OIL NONE  SHELL 424 QB/15/87 6O
N4 e NONE TAR OIL NONE  SHELL 4&4 QGL/OE/788 60
N4 14 NONE TRR OIL NONE  SHELL 424 03/01/87 60
N4OY NONE TAR OIL NONE  SHELL 424 QB/05/787 6O
N4Q= NONE TRR OIL NONE SHELL 424 QB/11/87 &0
N415 NUNE TAR OLL NONE  SHELL 424 QI/02/87 &0
N4 13 NUNE TAR 0OIL NONE  SHELL 424 Q8/28/787 60
N4l NONE TAR OIL NONE SHELL 424 Q3718787 6O
N4a17 NONE TAR OIL NONE  SHELL 424 Q9704787 60
M4le NONE TAR OIL MNONE SHELL 424 QI/03/87 €O
N4 55 NONE TAR QIL (FRUD N423) NONE  ENGLEHARD S-661 0B8/04/88 60
RED T 1ImME time AVE TEMP AVE TEMFR MRX TEMFE MAX TEME AVE BRESYS
SND STAGE SAMRLE 18T STRGEEND STAGE 18T STAGE 2ND STARGE 15T STAHGE
__________ NU s 1% 750
__________ NO 200 __ 200 ___ 700
__________ YES 394 __ 398 EOeE
__________ YES 390 398 1997
__________ Yy 394 386 __ SO0
___________ NO 380 _ 39S .
___________ YES 394 __ 394 __ AW
e NO R o e L wi84
____________ YEES 387 a87 =000
YLy 40 o 2675
e YES 8% 387 14355
YL e Y QOO
e YES 387 397 1300
____________ YES 67 ] 1500
____________ Yo 398 _ SGE 2Ol
I £ ) K 338 1491
NO Z0S 205 700




RES 1 i
RUN CURL SOLVENT RDD1L ALDe DATE 187 STALE
N4y 4y NUNE TAR OIL (FROD N4zZ2) NOME ENGLLUHARD S-661 1&8/16/87 64O
N MONE AR DI UROD NG E) NONE: ENGLEHAKD S-G61 187187687 6O
N0 MUNEL A OLL NONL: KATALCY 66O DI/ 1L/07 60
N4 1) NONE TAR OLL NUNL NT Yoo Q711787 O
Nagly NUNE ik ol NUNE Nt S VI/09787 o
Na .. NONE AR Ot INUINE GlELL ao4 06 /09788 O
N4 1o NUNE TRR oLl NUME- SHZLL 4:4 Q718787 L0
M4 S NONE TARIR OTL NONLZ DHEZLL 484 OG/OZ/708 &0
N4 14 NOML THR OLL NONL. SHELL 424 0I/01/787 &0
NGO NONLE AR Ol NONL SHELL 424 Q8/0o/07 GO
N4 NONE TAR OIL NUNE SHELL 44 Q8711787 60
NG 1 NONE TAK Qi NONI= SHELL 44 QY/0s/87 GO
N4t s NONLE TAR O1L NUNE OHELL 44 Q8/88/787 w0
Nl NONE TAR 01L NONE SHELL 4284 QY/718787 6O
N4g i/ NUNE TAK 0L NONE: SHELL 424 QI/04/87 0O
Mol NONE TAR O1LL MNONLEZ SHIELL 404 QI/0E/87 6O
NG4eD MUNE TAR OLL (FRODD Nass NONE ENGLEHARD S~661 ol/05/788 (L0
LG PN I AVE M AviE TEMR MEX TEME MEAX TEMR AVE RPRES
ZND O STHGE SAMELL 157 51QDEEND STAGE 15T STAGE &@ND STALE 1857 oABeE
. __Nu 100 190 Va=1%
e NU o L =200 FASIN)
___________ Yy 394 390 R @ FE0O)
__________ YhS 390 39S 14937
Y 394 386 =00
e NO 80 o o 890
____________ YUY 90 e L L3S
e NO 3 b SY9S =384
IR £ X S8 87 2S00
e Y=y LGt Q Heo 267S
IR 4 -1 T 387 1435
i YS 87 397 QOO
o Y- N 07 1500
e YiZs L Y e’ 1500
o Y S99 Sed R =
e YLS T R I 14491
NU e O 700
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AVE FPRESS MAX PRESS

“ND  STAGLE

LGAL 1IN

157

Hizs

STAGE

Y4=1
7QQ
2033
Rq e Ay
2020
2290
23S
24684
2S00
Pl Sy e
1570
e aleli)
1500
1500
=0
14491

75Q

cND STAGE 2ND STAGE

(@)
(&)
[¥)
o)
(8]
O

(&)

(9]
O
O
Q
0
Q)
&)
(%]
Q

QO
O
(8]
O
Q
O
Q
(@)
(4]

AR
COonL

MAX FRESS FEED GAS GAS IN

END STAGE

ot e o s e g e

Q)
Q

Q
Q
%}

MAE
COAL

100
100
A ERIN]
100
100
100
100
100
100
100
100
1 Q0O
100
100
100
100
100

%

CoAL

Q
O
Q
Q
Q
Q
Q
Q
Q

B 29

@Y. &
wo. 0
B0
140, 1
&7 4
100.8
%51.95
1135.6
45, 0
40,0
35,49
39. 6

Hzs

% ASH
COAL

Q

Q
O
O
Q
O
Q

Q
Q
&)
)
Q
Q
Q
O
O
Q
4]
Q
Q
Q
Q
Q

WAk
RODOED IN
o 1016,
0 Y64,
Q 10&9,

FEED GAS

157 STRGE 18T STAGE 187 STAGE &ND STAGE

O 18,
Q 10&4.
Q 1051,
Q 1010,
< 1191.
(8] 1015,
0 1005,
% 1004,
O 1010,
Q 10135,
o 1027,

o 1017/,
Q Toct. &
10000, &8

SOLVENT

hieaminn

<




ADD= Wi
1IN
150
150
150
1o
190
150
100
144
130
150
190
150
100
150
150
150
14). 4

RUN

N4t B
Mol
NAC Q-+
VLS BRI BN
N4 18-t
Maoss-Lk
N41O—ER
MG S~k
N4 14—k
NGO —L.)
N4O =L
N4 Lok
N4 L o=
N4l
Ny 7L
N4 Lol

SLURRY
CHARGED
1145, 6
1106.1
1159. 4
L1oG
1194.9
1165, 96
1116,
1326
1144, 1
1186, 4
1115. 4
1149
1139.6
1169.9
1146G.6
1158
118501

CARRON
Q. 8725
0. 8678

Q. 846
Q. 867
Q. 8586
Q. 8863
Q. 8745
. 8/7
0. 8/25
Q. 871L%
0. B6HO
0. 8631
WL VDY
V. 0453
Q. 3454
APRIRALYE
0. DBS6E

LiQuLD
FROD

1103.9
1055, 7
1087.8
110s,1
110,69
11008
1003
1242, 1
1087.8
994, 4
1036. &
1041. 8
1100, 3
1091.8
108, 3
1118
Lol /

LIGHT
OILS

O

Q
GO . 6
8l1.9o
dge. 1
Q

&0
7O, &
o
Yu. 1
E L =

7
73. &
48, &
47.8

L. 8

END RFRODUCT

HYDROGEN
0. LO1E
0. 1G4
O, 1041
0. 10%9%
U, 1042
Qu1Ls7
0.1141
Q.1 le
0. 1171
0. 1109
0. 108
O, 10906
(S W e
Q. 1071
O, 10990
O, 0IGY
. 117

NITROGEN
Q.00

Q. QO
Q, QO

Q. 0008
Q. QQO4.5

Q
QOQ4
QOO

QOO0
QOB
QOO 1
(RTRFANY
QOO
[RIRIRA |
O, VO1S

(@)

MOLES
GRS QUT
31. 24592
17.09483
G4, 54515
Sl a1l a0y
18. 73569
8. 344069
18. 06353
S0. 66688
E7. 43658
17. 42564
e 481692
26, 8B5S
7. SG6298
1&. 70852
19. 44187
17.04600
13, LG

SULFUR

. QOO4
Q. QOO
Qo QOO0
Q. QOO0
Q. QOO0
O QOO0
O, QOO
Q. QOO0
0. 00O
0, GOOH
O, QOO
Q. QOO0
O, 0L e
O, OQUOQ
Q. OO0
0O, QU1

3]

"0

MOLLILS

He LEFT
Q
Q
8]
Q
Q
O
Q
Q
Q
Q

Q
(&}
Q
Q
Q

BY DIFF
OUXYGEN
Q. Q=26
Q.07
Q. Q4 7=
0, Q270
0. 039
0104
QO
Q104
0108
Qs
(R NEWAT
(RIS
O 40
O, Q44%)
(5 TR W TS O
Q. 0017

Q.
(A
O

MOL.ES

CO LEFT
(@]
Q
[}

)

)

0

Q
Q)
(8]
Q
Q
O

Q
(§)
Q

TOTAL

HETE RO
0, 0259
0. 0300
Q. Qhigsy
Q. Q=78
O, 057/
Q
Q. Ol14a
0., 010%
0, 0106
0. 0116
Q. 0258
Q. o22s
Q. 0454
O, V49,
O, 045
O, 064
0. 0017

H:
1.
1.
1.

1.5

1.
1.
1.
1.
i.

1.%

1.
1.
i.
1.
1.
1.
1.

RATLO
L2047
S

5100
4063
o108
) 4 1 (#
3747/

Ulde
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r.
e
~
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&

9, 4

17.8
18. 5
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n
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(R (R SRR £
> c
== N,
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~

83)

16 1.9 . 11.9 8.
1. e b =4, le. o =Sl
16.9 et 1.3 Zha 9.8 e M

11.1 1 1.1 0.3 19 12.7 IO S0 4
10,1 0. b 1.3 O 4 19.3 16. 2. 8 2D
10.5 (S 1.8 Q. 5 18. 6 14.3 4 &8.7
14, 0.5 1 [ Sl e 4 11.9 3 wid
1o, 8 1.1 A | 3. 1 135.4 S0
1. o 1.0 Lie D 0.7 . 10.9 =Y e
1a.9 1.7 R Es. 8 NG LS I
11.1 1.4 iZa G =1.9 12. 3 Sl
18. 4 1.4 e b 2%. 9 9.5 2
‘J. 80 1. 76 O, G 19.7& 14096 1. Rhr DA G

LiautLp LIGUID CARIZON HYDROGEN
LOSS RECOVERY BAL BAL
8.7 41. 4 1. 4 41,7 Y. B6% 100, 40% Y. 4%k

15,0

la, 7/ Ja s Gl b 1.9 S 4 459. 6% 98, 7% DE. 9%
15. 7 3 G5 G 1.9 71.95 101, 654 102,674 119.84%
1.5 .7 Gl 1.16 SE. Y 108, 47% 109, 94% La7.08%

T LA
o

& L
.

~

3

450 W 1. 19 33,81 104, 18% 1060 79% 1. Y4%
. 10 Ga, 574 100,07% 21, 78%

S4.0 0.8 115.9 YH. 1T VIS D87
85.9 98.97%4 105,697 8%

R 47, T Q.9 116. 3 Y. 15% 1000 11% G487

Eo)
M

[C U

=1l.9 45.9 ob4 . 0. 85 o D4, 6K WL HO% lei. Sa%
18. 7 D0, 4 43,/ 1.01 FAR T 1000 H3% LO4, 1O% 1ota. tUw
17.05 Dt 47,0 .11 Loz, Y. L% 101, 24 Letets LO

19.8 VPR 4.l 1.7 TN 10U B/7% 100004 LU/ 907
1. 906 N 1.0 /8.1 UL BA 1000 GA oo, J0%
18, o 4.5 Lo R e O 8. GO Gl bk Ll Al
1. . s at. 1.40 40 1OoO. 7% 100, Y% 1100 40%
17,00 0.8/ Da. 1.3 G4 b SN AT PR R SRR A
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NI1TRUGEN SULEUR

BAL
1l
120,

S,
1.
ST
0.
/.
11.
0.
Q.
Mty
1.
4.
107.
1.
.

Q.

0%
11%
/8%
A
15%
0%
RAaA
hZs
Q%
OO%
15%
IO
Shle
=
HO7%
1 /%
QO%

I4AL.

G405, Be%
Q. QO%
0. QO%
0, QO%
O, QO%
Q. QO%
14. 64%
Q. Q0%
b IS

19, 427

18.04%
Q. QO

Sl. D%
O, QO%

O OO

cS. 81
0. O0%

oxy
1B3EL

GEN

SB. 48%
4G. BY%
Ta. 817
Gl Dl
o, V3%
0. 00%

r

Q7%
. 58%
15, 73%
31.40%
410 30%
(ide B357%
/.17
8. 15%
Y9G, 67

Q. OO%

{

L. ZS%
e

1
1
1

I

I
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EEND HRODUCT BY DIFF  TOTAL

RUN # CHREON HYDRUGEN NITROGEN SULFUR OXYUEN HETERO Hal RAIU

NGOH-EF D.871% 0. 1169 Q. OQO0 0. 0008 0.,0108 0. 0116 1. %950

N& o g~g 0, 36830 0, 1082 0. 0028 . 0007 O, 0z0S 0. 0258 Lo 4o

Ngl1o-g b O, 8745 00,1141 Q. 0004 0. Q006 O, 0104 0. 0114 1. 0nly

N4 1 S—kt w8057 v, 1012 0. 0022 0,001 0, 0597 Q. 04,41 1. 400,45

Na L 4-Ek 0. 8/25 . 11/1 Q. 0000 0. 0002 0. 0104 0. 0106 1. 996«

N4 1o -tk 0, 8631 O, 1096 0. 0001 0, OO0 (R A Q. 0/ 1.32100

Nales Bt 0. 838 [APRRL TR 0. 0013 0. 0010 Q. U6 0, 064" L. 4747

N#o1 /7 -k 0. 8654 0, Lot 0, VOO . QOO0 O, 0443 D 04y 1.4y,

Ny bt 0, 8586 Q. 104~ Q. VO4 5 Q. QOO WD, 5 O, s/ e 51

N L9k O, 8ec/ O, 1O O, QO0s Q. QQQQ Q.2 /0 Q.8 [ISTRAS Y

NG O~EF 0. 846 0. 1041 Q. 002/ 0. QOO0 O, 04 /e 0. 0499 1. 40,4

N4z 1 -ER 0, 84353 0. 10/1 0. 0056 0. 0000 O, 0440 QL0430 | T N O
END FRUOUDULCT BY DiFF IO AL

RUN # UARBUN HYDROGEN NITRUOGEN SULFUR OXYOGEN HE TERU ol R4, 2t

N a-E ke O, 87209 0. 1OLE Q, QO5 O, 0O0Q4 [ A W A O, Ot 1. =84/

N4~ 0, 8/8 0.1014 Q. 009 0. 0000 0. 079 O, 0308 1. .5894

NG o —E R 0. 87/ O, lles 0. 0006 0. 0000 0. 0OIY 0, 0105 1o ol

N2 3k 0. 8R3 0. 1137 &) Q. VONO O, Q00O (%] 1. ooy

My 558k Q. 8856 0,117 0 8} 0, 0017 Q. 0017 1,515

HRUD Aromatic Hhernolic Methoxy/FRAcernaph. Alpha to Beta to ACyclohex

JET A e 0=, 9ppS. 240 4pp4a. 43, 5pp3. O3, 3pp3. 3-1.9ppl. 9-1. 0ppl. asppn

NGOB--- b 10,5 0.9 1. Q.3 18.6 14, 3 4

MG o —F e 14, = 0.5 1 0.4 o 4 11.9 )

Mg 1O- B 11.1 1 1.1 0.3 19 1.7 3.4

Mg 1 s~ b 16,3 1.3 e s 0.7 o6 10,9 Z. 8

M4l G- 10,1 0.6 1.3 Q. 4 19.3 16. )

NG 1oL 1.8 1.1 =. 1 =3, 1 13.4

TR R S 18. 4 1.9 2 & =25.9 3.5

Nal/7-Er 11.1 1.4 Z. 6 =1.9 18, &

MG 1is-EL 16.9 . 1.5 c4. 1 ‘3. 8

N9k 135.9 1 2.4 4.1 12,5

NGO -k 16, & 1 1.9 ES. 7 11.5

N | bt 14.% 1.7 Za 2. 1

NG 17,8 1.8 S. 8 2k b ‘3. 7

N4ty L 18,5 1.9 = b Z5. 8 9. 4

Mg S ~F K

NG 5 S-EF

NG 35—EF 9. 854 i.76 0. 62 19,72 14, 96 1.5
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[SARINTR
JtoR
NGO L
NGO L
N4 L O b
Na 1 gL
Na 14 -t
FRUID
JET R
N4 1 kR
ralé b
N4l S-E
M4 1 ek
N4 1 9—pF
N4 O
N4 1 -EF
[N ETEE S
Ma gty
NG e =Lk
Masa-E
N s b
Mg b

RUN #

NAOK-—E
N4 Uk
N4 1O--kF
N4 1.5t
Na 1l G-
N4 1S~
NG 16&-EF
NG LT b
N4 18-E
M4y 11
NagzO-E -
[N TR e Y =
NG 24k
Moo Lk

TR EE

RN

RUN #
NG 535-EF
NG .25 -

MathyleneMethyl
o 1lo0oppl. O0-00 2ppRra He

8. /7

Ry
a4
29 5

PP

21,9
18,/
sl

1.8

LS

MethylevrieMethyl

1.%-1.0ppl. O-0, Zppfir

30
274
TG |
N
. 7
8.2
o938
27.19
=7.9

9. 78

W1lTH ADDZ

LI1GUID
LI5S

e4. 3
33. 81
T
/1.5

WLtH ADD.

LIQUID
LOsS
&£3.16
G4l D

17.%5
14.&
1.9
1641
16, %
1504
16. %
1.5.8

14. 7

17.52

IN

LIGULID
RECOVERY EAL

4. 67%
100, 545%
95. 17%
loc. 8/%
26. 15%4
98. I%
100.67%
3. 63%
104, 18%
1oz, 47%

101,
939,
Y6.
35.
El=
1N

LIOULD
RECOVERY BEAL

34.
37.

5%
S3%
St
il ¥

%

ST7T%A

)

.
2o
8.3
G. 3
4.4

.7

PN

(GO RO O A A € N S A &

~ T HCC

46.87

CAREBON

8. 50%
104, 18%
9. S %
105, 09%
100, 11%
101, 70%
100, 7S%
Y. Hon
106. 739%
10%. 54%
102, 67%
100, 6%
100, 40%
98. /%
1O, &k

CAREBON

100.07%
10&. 15%

#U.S.Government Printing Office: 1989 — 648-056/04169

Al:r H2
4.
49,/
594.8
44,1

S

Hlil He2
47.S
41.6
H0. 6
45.6
4€,
43.6
45,5
H1.4
{H. 6

e 4
S94. 13

LIVULD S

ArocsALil
. 859
1.01
. 8z
1.2/
[P R

HrosHll
i.11
1. 40
Q.97
1.19
1.16
1.9
1.20
1.4

1. 4%

0. 84
REAM

HYDROGEN N17ROGEN SULFUR

BAL.

125, 347

123.18%

122, 938%
117.30%
127, 48%
123, H0%
110.48%
122, 4%
122, 94%
1=27.08%
119. 84%
Q. 78%
9. 24%
3. 97%
125. 87%

LIQULID Si

oo

BAL

0. OQO%
54, 13%
e 3E2%
4.5, 9%
O, OO%
IO %
17%
0%
15%
/%
8%
107, :24%
Tl SO%
1o, 11%
11, 4%

REAM

U SO A A

o=@

19, 4%
18. Ou%
14.64%
S1.6e59%
4. 33%
Q. Va%
5. 81
O, VO%
Q. QO%
Q. OO%
Q. OO%
. QO%
43, L6
Q. DO%
0. QO%

HYDROGEN NITROGEN SULFUR

BAL
1&1.78%
108, 33%

B34

BAL
Q. QO%
O, OO%

Q. aux
0. O0O%

OXYGEN

15.74%
31.40%
15, 2s%
GE. 8.3%
15. =8%
41. 30%
96, 6N
8. 13%
G /3%
Gte o lh
/5. 81%
&/7.41%
S8, 48%
46, BO%
L9, Q74

OXYGEN

O, Q%K
Q. OO%




